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BACKGROUND OF THE INVENTION: 
(Field of the Invention) 

The present invention relates to an^^^i^ 
recording device and an image record 
a plurality of laser beams (muiti^^ 
10 (Background of the Invention) 
^^^^^^^^^ to 

been widely uised because it runs fas 
resplutlon than image--recordi^ 
technologies ♦ 

15 A conventional printer using one laser beam (laser 

printer) is disclosed in Japariese^^p 
laid-open publication No. Hei 8-310057 (1996). The 
printer utilizes features of con t^ 

laser intensities in the inain scanning direction and 
20 controlling the quantity of attached toner by laser 

intensities for high-resolution printing. These 
> features eiiminate and reduce ^^^s^ 

irregularities in slanted outlines of characters and 
^^^^^^^^^ M 
25 smooth. 
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To run the laser beam printer faster ^ : it is 
required to make tl?^^ 
laser) scan at high sp^^ 
direction ^horizontally) and su^^ 
direction (vertically). 

These may be accomplished by rotating a 
photosensitive drum (for vertical scanhingl and^^^^^^ 
rotary polygon mirror (for horizontal scanning) at 
high speedis. However, the rotational SE)eed of the 
polygon mirror of the coriventibnal fastest laser beam 
printer using one laser beam is almost closest to the 
limits Therefore, a muiti^beam: method of causing tw 
or moire laser beams to scan simultaneously is used 
instead of increasing the rotational speed of the 
polygon mirror. 
^^^^^^^ 1^ 

systems th^t may be easily affected by the 
ehviroimental condiitions such as in 
electrophotography j frequently &SLploy a method of 
varying the pulse duration (width) of a ikser drive 
signal by modulation (PWM) and thus controlling 
quantity of light (that is, controlling the print dot 
sizes by light cohtrbl) for assurance of picture 
qualities cuid stability w^ 



level ijnaages h^^^ 
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data) are multi-leveled (gradatied) . 

There ar^ ; two method?^ 9 this pulse- 

width-nKjidulated laser drive signal (pulses) s Analbg 
method of generating by comparing a triangular wave 
created in; synchronism with m 
cbnvert;er output of th^^ i^^ 
disclosed in Japanese patent 

publication No. Sho 62-39972 (1987) and Digital method 
of generating logically (by fre^quency-diyision) from a 
fast clock whose frequency is 4 to 8 times as hlgh^ 
the image clock as disclosed in Japanese application 
patent laid-open publication No. Hei 5-6438 (1993). 

As described above> a fast printer system for 
printing multi-level images is typically of a multi- 
beam method using a pulse-width modulation technique. 

Although a laser printer using a multi-beam method 
is disclosed in J:apanese application patent laid-open 
publication No. Hei Br 15623 (1996), this method may 
reduce the image accuracyxac^^ 

sizes if the light quantities of the laser sources are 
not equal. To solve such a problem is proposed a 
technique for correctijig light quantities of laser 
■ sources.- 

For example, Japanese applicatioin patent laid-open 
publication No. Hei 5-212^04 (1993 ) discloses a method 
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of applying a driving signal oi 
width to the driving circuit of each laser soiit^ce 
wh ic h emits illumina t ing dots > meas ur in g t he iiit ehs i ty 
of each illuniinating dot, and calculating light 
correction values frdi the m^^^^ 

light (light dispersion). (This example calculates the 
ratio of the maximim^^^ 

data to the minimuro value Xmin/ multiplies the image 
data L by the ratio, multiplies the product by: a 
correction factor Xmin/X for each illuminating dot 
calculated from the : light quantity data X and the 
minimuffi value Xmin, and thus obtains the ccorrected 
image data L.) 

There JLs disclosed another embodiment in Japanese 
application patent laid-open puJ>licati6h No. Hei 7- 
199096 (1995). The CTbodiment detects the quantity of 
a laser light from each laser source by a sensor, 
compares it by a preset target value, and controls the 
current of each laser source so that the q[uantities of 
l^ser lights from the laser sources may be^^^i^ 
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SUMMARY OF THE INVENTION: 
(Disclosure of the Invention ) 

^^^^^ ; A^^ 

'^^^^ ^^li'C)^^^^^ two problems jk>^ out : 
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low. 



Ohe pirobl^m is that the positional: accUra^^^ 
beam spots ; in th^^ 

This may be mainly caused by the fplldWing: 

(1) Influence diie to the positional accuracy of 
the inulti-beam structure 

(2) IniEluence due to the horizontal magnification 
error in the optical system 

(3) Influence due to the surface angle error of 
the polygon mirror 

These factors cause uneven int^ 
In other words> scanning lines are dens 
places and thin in the o^ther placea,^ 
line trouble is called a scanning unevenness* The 
scanning uneven causes exppsure unevenness.^^^^^^^^ 
developed arid visualized/ the unevenness may be 
recognized as a visual vinevenriess* 

The period bf generation of this unevenness is 
dependent upon the product of the number of laser 
beams by the nxxmber of faces of the polygon mirror ♦ 
This unevenness occurs depending upon said product and 
the subsidiary scanning period of a tone dither 
pattern to represent an area^g 
inf luerice to a IdW^f requency area^ V 

senisitive to the visual characteristics of human . This 



probl^ also : occurs by the uheveh 1 ight 



quant it i^s P f 
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laserxbeams w:-';: ■ 

The other problem is that the positional accuracy 
of beam spots in the main scanning^^ d low. 
The position of a beam spot in the main scanning 
5; direction is usually detected by a beam detector at 
the beginning of each scanning line, m a laser beam 
printer systCTi using a single l^serbeam^ the exact 
position of a beam spot can be detected because the 
intensity of the beam spot; the intensity distribution 
10 and the position relative to the beam^^^d^^ 

fixed. Contrarily, in a laser beam printer system 
using two or more: laser beams/ 

in th^ main scanning direct^^ be exact because 

the intensity of the beam spot, the intensity 
15 distribution and the position relative to the beam 

detector are not fixed; This probldii is called a 

scanning jitter. 
^^^^1^^^^^^^^^^^^^^^^^^^^ T^^ 

devicefif using twp or more laser beams and rarely 
20 occurs in laser beam printer devices using a single 

-laser 'beamv-:'-' 

si.ngle laser beam/ the j^ositionai accura spot 
b^ams: i^^ 

25 allowable ;yi:^ual: :c 
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^ problem will not occut in the main scanning direction 

high-qiiality high-^resoiutibn recording images without 
scanning uneven 
5 beeun images recording device using two or more laser 

.■becuas.y 

Tp attain said purpose, said image recording 

device according to the present invention is equipped 

• ....... ... . . , . ' * * ■ - • .... .*..,. 

with a plurality of light sources and a photosensitive 
|]| 10 druia which is exposed by said light sources. Said 

% device is further equipped with a block for setting 

the quantity of interfered lights of a plurality of 
image signals corresponding to said light sources, a 
block for interfering only said set light quantity 
15 component of said imaige signal, a block for setting 

delays of a plurality of image clocks corresponding to 
said light sources, a block for delaying said image 
clocks by said set time period, a memory block for 
storing interference data output from said 
20 interference block in synchronism with said image 

clocks and for outputting said interference data in 
the order t:he data was stored by delay data output 
from fsaid delay block, and a b^^ the 
pulfse duration (width) of interference^ d^ 
25 from said mCTory blpckyby^m^^ 



The interference light quantity setting block, 
detects a positional error of beam spots in the 
subsidiary scanning w Its light ^^^^^^ 
interfered by the interference block and its^^^^^^^ 
width is m 
■With: this/ t 
scanning is corrected. ; Said: delay 

detects a positional error of beam spots in the main 
scanning and sets a time pe^^^ 
the error. The delay block delays said i^ 
a preset time period and the pulse width is modulated 
by the pulse width modulating blocfc^^^x W the 
positional error in ; the main sc 
The resulting recorded djnages are ^^^^^^ 

high--resolution images without scanning unevenness and 
: scaiming; jitters even when two or more light: sources : 
■are'''used*'-v-' 
: : Further; an: image r 
plurality of pulseTwidth modulators for modula^^ 
pulse widths of a plurality of lase^^ 
according to the image data and a plural^i^ 
light sources for outputting a plurality o^^ 
beams who se 1 ight : quant it ies are control led : :by ; these 
laser driving signals to recpr^^ 
these piurality of 1^^ 
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plurality of laser drivin 
^^^^ p^^^ 

degrees of unevenness • ; 
^^^^^^^^^^^^ m 

driving signals ; for laser dri^^ 
identical due to unevenness of circuit G 
such as pulse width modulators in said^i^ 
device employing a multi-beeun method and a pul^ 
10 : modulation/ : the aforesaid Gonfigur 
laser driving signals^ 

pulse widths (pulse-width modulation values) not to 
give any influence by the unevenne^ 
width modulation to the images (print dot sizes) 
15 formed by laser beaios. 

This configuration is also designed to correct 
: widths of pulses output from the p^ 

blocks by causing the pulse generating blocks to 
g^ 

20 pulses butput from each pulse generating block by the 
reference pulse width ^; : and Gontr^^ 
generating blocks to eliminate th 
them. 

: Correct ioh^o 
25 : generating block accdrdiing to the ;pr^ 
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done by selecting a preset^ b^ of serially- 

connected delay elements in a pulse width controlling 
• blocks'- 

It is pref erablexto use pulses of one^ 6^ 
5 generating blocks as the references pulses and to give 

^^^^ : a 

!1| generating blocks w^^ 



; : ; bloc 

ill As said configuration corrects to equalize the 

lit 10 widths of pulses output from the pulse width: 

1^ modulators which work to set light quantities of laser 

beams, their print dot sizes can be equalized and 
consequentially image data can be recorded^ 
resolution. : 
; 15 Said image recording device ac 

present invention is equipped with a plurality of 
light sources and a plurality of beam detect ing^b 
and further equipped with a block for recording an 
^^^^^^^^^^^^^^^^^^^^^ i^ 

20 signal to control the position 

between scanning lines according to a plurality of 
beiam detection signals output frpiii: said iniage 
recording block and a controller fo 
image t 

. 25 .'•■control signals'.-- ■ ' 



The beam signal controlling^^ as 
explained aboye can cbrrefct positxb^^^ 
said laser beams and thus :e^^ 
device to record: high-quality im 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. I is a block diagram sh 
a cprrection circuit of ah image recording device 
according to the present invention* 
: > FIG* 2 is an illuist 

an image recording dev ice acc ording to the pres ent 
invention* 

FIG. 3 is an illustration explaining an exposure 
system using a plurality of beams. 

FIG. 4 is ah illustration explaining 
synchronization of signals between the cpnt 
the engine. 

FIG. 5 is a waveform diagraxa of the synchronizing 
signals. 

: : : FIGw : 6 shows a graph Q 
of the beam de^tectpr. 

Y FIG. 7 is an illustr 
unevenhess. 

: FI6> 8 shows an^^^i^^ 
device apcording to the presiBh^^ inv^htibn^ 
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F I G ♦ 9 s hows an embbdizneht of a correct ing 
procedure of a correcting cdjTGU 

^^^^^^ r 

: : FIG.^^^ 1 

5 patterns for measuring a positional error in the 
xsybsidiary scanning directi^^^ 
invention* 

FIG, 1 1 shows the result of : measurement of a 
positional error in the subsidiary scanning direction 
10 according to the present inveht ion, 

FIG, 12 shows an embodiment of an image recording 
device system measuring a positional error in the ; 
subsidiary scanning direction according to t 
invention* . ' 
15 FiG>: 13 shows an 

circuit of a correction circuit according to the 
present invention. 

FIjG. 14 shows another embodiment of an 

i^ 

20 to the present invention* 

FIG* 15 is an illustration explaining the 
principle of correcting the scanning line^^p^^ 
correction method accprding to^^ t^ 
: PIG^ 16 is^^^^^^ 
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patterns 



for measuring a positional^ e^ 
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scanning direction ac 

: ;fig^ 17 shows 
positional error in the main scanning dirTCtioh 

according to the present invention i 
: FIG. 18 shows an emb^ 

a correction circuit according to the preisent 
invention. 

FIG. 19 is an illustration explaining operations 
of optical density sensors. 

FIG. 20 is an Illustration explaining correction 
of a scanning line pitch by the Gorrecti 
according to the present invention. 

FIG. 21 shows another embodiment of an 
inter f er ence c ir cu it o f a correct ion c ircu it accord ing 
to the present invention. 

FIG. 22 is an illustration explaining the scanning 
line unevenness and the spot light unevenness.;: 
: FIG. 23 shows an CTab 

synchronizing signal of a correction circuit according 
to the present invention* 

FIG. 24 is an illustration explaining a means of 
setting the quantity of interference light o^^ 
correct ion c ircu i t a c cord i ng to t he pres ent invent ion . 



FIG. 25 shows an eiottbodiment 



of the pul s e^Wid th 



25 modulation circuit :of : the corre 
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to the present invention. : 

PIG* 26 shows thie r<5isult of operation of the 
pulse-width modulation circuit^ o 
X FIG. . 27 is an illustration ex^^ 
5 ; ; setting a delay time of 
: according xto the pr^se^ 

FIG . 28 shows an : CTdaod 
the correction circuit according to the present 
invention . 

10 FIG. 29 is an illustration explaining tilting of 

faces of the rotary polygon mirror which is one of 
problems of this invention. 

FIG. 30 shows a secondary embodiment of the 
correcting procedure of the correction circuit 
15 according to the present invention. 

FIG. 31 shows a tertiary embpdimient of the 
correcting procedure: of the^^^^^ 
according to the present invention. 

FIG. 32 sho^ an ^nbodiment of a laser array 
20 according to the present invention. 
:; F 

laser array of FlG. -'32iV:" • ■ ; 

; FIG; 3 

control by the : laser array of FIG. 32. 
25 ; FIG^ 35 is an ill^^ the 
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^^^^^ 

: FIG..-:32-. 

FIG; : 36 is an illu^^ 
characteristics of human. : 
5 FIG/ 37 is an illustration explaining a sequenpe 

: X o£^ 

array according to the present invention. 

^^^^^ F^^ 

recording device according to the present invention. 
10 FIG. 39 shows an embodiment of a controller 

according to the present invention, 
jl FIG. 40 is a detailed block diagram of controller 

nj • ■ ■ ' • • ■ . • • • . • • . • 

\il . of FIG.;39. 

f|l PIG. 41 shows an : embodiment of a device for 

15 correcting laser driving signals of FIG. 40. 

FIG. 42 shows an operational flow chart of a 
device for correcting laser dr 

FIG. 43 is an illustration explaining the 
relationship between curirehts sup light 
20 sources and dot sizes printed on paper sheets; 
PIG; 44 shows an embodiment of a t^^ 
detecting block of FIG ^ 41 

: : FIG; 45 shpws an : operational flow of a : : : ; 

i tetrget value detecting block of FIG. 41. 
25 :y : FIG^ 
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of FIG. 41. 
FIG. 47 



s hows an opera tional t imihg chart 
processing block of FIG. 46 . 

FIG. 48 shows an embodiment of a^^W 



of the 



converting vlight-quantityc 

■ FIG. 49 shows iin 6^^ 
block for converting light^quantitycorre 
FIG. 48. 

FIG. 50 shows an einbodiment of a mini^ 
detecting block of FIG. 41. 

FIG. 51 shows an embodiment of a pulse-width^^^^^^ : 
modulation (PWM) of FIG. 40. 

FIGi 52 shows an operational timing chart: o 
pulse-width modtilatipn (PWM) of Fid. 51. 

FIG. 53 shows another embodiment of a controller 
according to the present invention. 

FIG. 54 is a detailed block diagram of the 
controller of FIG. 53. 

FIG. 55 shows an embodiment of a multi-level 
correction unit of FIG. 54. 

FIG. 56 shows an embodiment of a block for 
converting light-r quantity cprrectipn data^ p 

FIG. 157 shows an operational timing c 
bipck: :f or convertings 1 
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FiG» 58 shoWs ah embodiment: of a puis^-^wid^^ 



m6dul;at:iojri 



a delay 



time 



:Gf>:FiG,:;::5:4:^:;:>^^ 

: FIGv 59 shows an^;^^ 
seieeting block of FIG* 58 • 

: FiG» 60 isto timing qllairt: of 

pulse-width m0^^ 

FIG; 61 shows ah embodiment 



FIGv 54v 
of > a contrpller 



adcbrdihig;: tpxthexprese^^ 



10 



b Ipc k diagram 



of 



FIG; 62 shows a detailed 

.: qpntroilei: c>f F 
^^^^^^^^^^^^^^^^^^ F^^ 

modulation (PW^) o^ 62 ; 

^ ; F^^ 

adjusting block pf FIG* 63 
15 FIG; 65 show 

X : : correcting device of FIG v : 61 
FIG* 66 shpws ah^ 
selecting block of FIG. 61. 

FIG. 67 sihowis an operational timing chart of 
20 image recording device according to the present 

: ■ ■ invention. : ■ ' ■ ■ 

FIG. 68 shows an operational timing chart of 
image r 
Mnvention.'- 
25 FIG. 69 : shpws a 



image clock 



an 
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pvtls^-width modulation: 

FI<Gi. 70 shows the relatlonsft 
: : and print^ 

FIG. 71 shows another embodiment of an image clobk 

FIG. 72 Shows an embodiment of a block for 
'X controlling the position of a laser beam detection 

signal according to the present invention. 

\^ FIG. 73 shows an embodiment of a delay time 

• 'V. ■" ' • . ■ • 

10 control circuit according to the^^^^^ 
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FIG. 74 shows ah embodiment of a circuit for 
generating a variable--position signal according to the 



present invention. 



FIG. 75 shows an CT±>odiment of a circuit for 
15 generating a fixed-^position signal according^ 
present invention. 

FIG> 76 shows an 
selecting circuit according to the present invention. 
FIG. 77 shows in embodiment of a beam detection 
20 signal delaying circuit according to the present 
invention. 

FIG. 78 shows an operational timingf chart of a 
■ delay circuit : for a ^ p^ 
present invention ♦ 
25 FIG. 79 shpWs a b^isic pattern according^^ t^ 



pres ent in vent ion v 



131 



PIGv 80 



shows an exjampie of test chart 



according to the present invention* 

PIG. 81: shbwa an eacample of printeid pattern ia^^^^^^ 

present invention* 

FIG* 82 shows an example of printed pattern in the 

presence of a beam scanning error according to the 

present invention* 
10 fig; 83 shows another example ot 

in the presence of : a beam scanning er 

the present invention* 

FIG. 84 shows a printout exia^ 

according to the present invention* 
15 FIG; 85 shows another embodiment of an i^ 

r^ 

FIG; 86 shows another embodiment of a block for 
: : controlling; th^^ 

signal according to the present invention. 
io FIG. 87 shows another example of a basic pattern 

according to the present invention. 

FIG* 88 shows another example of a; printed^^'l^^^ 
in the presence of a^^^^b^ error according to 

the present inVentibrii 
25 FIG; 89 shows a^ 



recording device accbrding to the pre^ 

FIGv 90 shows another 
recording device kddordirig^; t^ 

FIG* 91 shows another CTibodiment of an: image 
reeordihg device acdord^^ 



DESCRIPTIUON OF THE INVENTION: 
(Best Mode o£ Carrying Out the 

Referring to FIG. 1 to FIG. 18 and FIG. 22 to PIG. 
28v preferred exabodiments of the present invention are 
explained. 

In FIG. 2 / there ist: shown^^ a^^ environment 
of a general image: reGprding:device. The user creates 
page description data 202 which represents pages to be 
recorded using a computer 201 and the :like.:^^ W^ 
recording startsv the page description data 202i^^^^i^^ 
sent to a printer controller 203 of an imag 
device 200 through a network and the like; The^^^i^ 
recording device 200 mainly consis^^^^ 
controller 203 and an engine 205 4 The printer 
controller 203 expands pag^^ 
by pagie as image data 207 oh bui^^ 

This embodiment assumes^ t^ 
printeid : on a monochromatic bina 



one piece of binary data is 



related to one bit of one 
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pixel. After expansion of image ^ d^^^ 

the printer controller: 203 s 

the imkge reeordirigf d 

207 as a video signal 204 to^^^t^ 

to synchronization signals from the engine 205 V 

engine 205 records actual tmage^^ on a recording medium 

according to video signals 204 . 

FIG. 3 shows a detailed exposure system of the 
engine 205 of FIGi 2; For purpose of simpl^^ 
this embodiment assiimes that the engi^ : 
monochroma t i c b inary multi-beam laser pr inter Below 
is explained only the exposure system related to the 
present invention.; This embodiment assiimes the 
exposure system has four laser beams and a rotary 
polygon mirror 302 of eight faces . 

As disc^ 

open publication No. ilei 8-15623 (1996), four laser 
beams 301 are provided by either providing^ f 
sources or dividing one laser beam into four beams and 
eittitted onto a rotary polygon mirror 302 . Four laser 
spurces 310 are provided to have four ^^^^^^^ 
• shown-'in PIG.. 3..- - : ■ ■ 



Each of 



the laser sources 



a semiconductor laser and its 



310 usually consists of 



driver. 



VDl ; VD2^ VD3, and vp4; are applied to the 



video 



signals 



laser 
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sources 310 . When one laser ^^^b^^ 

beams the laser beams are modulated by AO modulators 
x'xwhich-'afeyhbt-^^ 

illustrated in FIG. 3, four laser beams 301 are 

: : 5 f 6 

303 to form four beam spots 306,^ 307, 308, and 309 
]}l thiere. As the rotary polygon mirror 302 rotates/ the 



Ml 
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beam spots move along the main scanning direction. 
One scanning forms f 

10 

Thierefore/ the photosensitive drum rotates by four 
: : scanning lines for each scanning v^^^^^^T^ 

opposite to the direction of rotation of the 
p^ 

15 scanning direction. The subsidiary scanning direction 
is perpehdicular to the^ 

beam spots formed on the surface of photosensitive 
drum 303 are numbered 1, 2, 3, and 4 from the: 
upperstream side in the subsidiary scanning direction. 
20 In PIG^3> beam spots : 1/ 2r 3> and 4 are 
307, 308, and 309. 

Problems t^ 
will be explained^ 

the positional accuracy of beam spots in the : 
25 subsidiary scanning direction is low. When a pluralitY 
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of light sourceiB: are used/ the^^p 

^^^^^^^^^ 

: : dependent upon a 

accuracy of the : light sources and the^^^R^ 
5 of the rotary polygon mirror. 

For example /when four semiconduct^ 
elements are molded into a unit^ it is very hard to 
exactly line up four light emitt^ 
intervals ^. Similarly when one laser 
10 into four beams/ it is veiy hai^d to exactly ^^^g 
four laser beams . 

In addition to this, irregular mirror face: tilting 
makes the positional accuracy of beam^s 
four laser beams pass through a common scanning 
15 optical system while changing the^i^^ 

these structural irregularities^^^ Consequently, the 
laser beams have different intensities and intensity^ 
distributionSr which causes positional errors^ 
spots iii the subsidiary scanning directioa^^o^ 
20: photosensitive drum 303 and finally makes^^^i^ 
scanning line pitches. 

FIG. 7 shows examples of pQsitionai^^^^^ 
sppts (irregular scanning line pitches) in the 
subsidiary scanning diriBCtio 
25 irregularities.^^ 
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*^ s^bt hviinbers; The^se iirregular pi 

lines 304 are caused by positiona due to the^^^^ I 

stnictuiral irregularity systism. In 

example! (1) of FIG . 7 / the scanning line pitch made by 

•Ti In example (2) of FIG. 7 / the scanning line pitch 

J^Jt 10 the^ r 303 is 

J!,^ hot equal to the subsidiary scanning^ 1 speed . The 



scanning line unevenness^^^v^^ 



15 density unevenness such as a moire pattern when half 

^ix xf;-; x'^'/^xl-FIOvx^ x;:'; ';:x';:xX''-:-x 

xjciregular scanning line pitc 

y.'-::^^^^^ bright^: part : 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ represent a brighter 

part. FIG^ 22 assumes that the dot centers are 
: disposed periddically at intervals of four scanning 

x>>>>- '-:'x -'^x^^x-lines^ ■:(byxh:-.tiiesxwh^r^::-n 

.^S ' -. . : subsidiary/ scanning -^direction'.- 
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If the 



scanning lines are irregtii€irly pit<ifre^^^ 



shown in PIG* 7(1 
shovni in PIG. 22 (1)^^ 



may be 
(2) > or in an 



as 



Intermediate status^^p In (1 ) of FIG. 122 r dots 



are made small ex arid fehe hal f - tone iiaaige 



becbines: : 

/: dots ar^^^ 



brighter* Gbritra^ 
greater and the half -tone^^i^ 
Fuirthi^i: t^^ 



with 



the 



irr egu 1 ar s caiih Ihg 1 ine [ p it e hes > the ; ; ima ge may 



Such a symptom 



10 

occu r s also in the s la n t edges of characters > make s 
characters arid^ 

^^^^^^^^ i^ 

The problem 
15 irregularity (a 



mirror 302. FIG w 29 shows 



may be also caused by a structural^ ; 
fade t il t ing ) o f t he rot ary po lygon 
how a face tilting of the 



rptairy^ pblygbn mirrp 
scanning line p 
phptosensitive; drumi: 303 



system us xng a 



in FIG. 29 



of 



employs a complete correKirtipn 
cylihdricsti; len^ 
the rotary polygw 
With 

i^uriace: bf ^;-t^ 
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x x;-:: ■^xOpticalxaxiS-:^ 

: iliustrated^^p^ 
^^^^ ; m 

system is destroyed. ^^^ T^^ 
5 astigmation of the: lens. As the result, a pitch 

irregularity 6 is formed on the pho tos^ns it iye drum 



ll! ^^^^^^^^^^^^^^ b^^ 



; a hpn--tilted line made by a 

i^? laser beam 2902 from a tilted mirror ^^f^ 



10 aforesaid deseriptipn is for complete correction 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ ^ 
^ ; : ; : : : 6 

recording devices us 

15 optica:! sys;te^ 

; : : : t^ 

^^^^^^^^^ : X s^ 

cor r ec t ion ast ignia t ion a f f ect ed by both the s t xruc t ur al 
irreiguiari^ 
20 irregularity of the ro^ 
Accordingiy> the degree 

scanning line pitchesj varies according t^ 

: of yeachxmirror face.; ■ 

The irregular scanning line pit 
I 25 X expoBufes.^^^ 5^ 



visualized/ the unevenness is recognized as visual 
^batches in the^^ i^ Similar problem^ may pc 

by irregular light quantit 

The other problem is that the positional accuracy 
of beam spots in the main sbahnxhg:^^d^ 
Beaia sj^t scanning positions 306 to 309 in the main 
scanning direction iare usually detecte^^ 
detector 305 at the top of each scanning line 304. A 
beam detector 305 is provided at the beginning of ^e^ 
scanning 304 and generates four different beam 
detection signals BD for each scanning as beam spots 1 
to 4 scan across the beam detector 305 • 
: Usually/ beam spot scanning positions: 306 to ^ 
are much deviated from each other in the ma 
direction to make the scanning 
In this embodiment/ be^ spot 1 is posi 
idost and beam spots 2 to 4 follows to the left of beam 
spot 1 at intervals V Therefore; the b^ 
first generates a pulse signal BDl by a laser beam 1 
and then generates the other pulse signals BD2/BD3/ 
and BD4 in this sequence in a short time period. 
Referring FIG> 4 to PIG^ 
makb the ppsitional accur^ 
the ioaain scanning directi^ 
: : FIG^ 4 Shd 



signals between the printer cpntroiler 2p3^^^^a^ 
OTgine 205 . In th 

detection signals BD are equivalent;:;t^ 
synGhronization sfignal 206.^^ T^^ 
receives a signal BD from the enigine 205 
signals BDl, BD2, BD3, and BD4 from the signal. This 
signal separation is disclosed in 'Japanese: appli 
patent laidr-open publication No* Hei 8-15623 (1996)* 
The printer: controller 203 generates pixel^^^c^^^ 
DCLKlr DCLK2, DCLK3 and DCIiK4 ( not illustrated ) in 
phasersynchronism with these synchrx>ni2ation signals 
BDl>BD2>BD3/ and BD4> generates video signals VD1> 
VD2 Y yb3v : and^ TO 

in synchronism with the pixel clocks DGLK1^DGLK2/ 
PCLK3 and DCLK4, and sends the video signals to the 
•engine' 205.: 

FiGv 5 shows waveforms of synchronization signals 
BDlv BD2> BD3 > and BD4; pixel clocks DCLKl, DCI.k2, 
DCLK3 ^ and pCLK4 / and video signals VDl , VD2 , VD3 , and 
VD4^ A time period At between each synchronization 
signal BD and its pixel clock ix:ii^^ 

constant . Each Video signal; in : 

synchronism with its pixel clock. With these> the beam 
sfpot scahning posits are adjusted to the 

record ing po s it ioiis • 



: However> in the^^ m 
intensities and intensity distributions of beam sppts 
laay be dif^^ 

relative to the center of ^ t^^ 
; differeint . ( In a 4^ 

: are necessarily clo^^ 
detector than the outer two b^ 

Further> each be^am spot has a different ^^^^^ 
relationship between the position of :each bea^^ 
detect ion signal BD and the actual pos it ion o f a beam 
spot in the main scanning direction because the 
positions of beam spots in the subsidiary scanning 
direction are different as described above v Finally> a 
positional ^rror occurs in the main scanning^ 
FIGv 6 shows the outputs of t^ 

■which receives a beam^ 
distribution (a) and a beam spot having a n^^ 
intensity distribution (b) . The ^ d 
intensity distributions is dependent u^^ 
diameters and liight emitting powers (light 
ihterisities) * The beam detector 305 rece^i^ 
laser becua at^^^a 

intensity into ah analog: electric si^ 
iat a certain 1 eve 
digitai value, .. . 



Even when tvro bea^ spotis have ah identical center 
ppsxtion, the analog output of a beam spot having a 
narrow intensity distriJbutioh^^ t 
thah the analogi 'output of a beam^^^^^ 
intensity distribution (a) v^^xW^ 
are digitized at a threshold value M 
the binair^ output: of (a) rises earlie^^ 
considering the: sensitivity distribution of 
receiving part of the beam detector^^ 3 
positional error of beam spots may occur when the^^^^^^^^ 
positions of beam spots relative to the beam detector 
305 differ, with thisy 
whidh the present invention is going to 
completed. 

In the following examples are described several 
preferred embodiments of this invention to solve^t 

aforesaid-:probl€msv-'-''''''-----''-----'-'---------''----'-' 

PIG. : 8 : shows a conf iguration o^^ 
image recording idevicie : of the present invention. ^^^: T^^ 
photosensitive drum 303 is uniformly charged by a^^^^^^^^^^^^^^^^; 
charger 801 and scanned with laser beams from 
exposure optic a 1 sy s t em 802 acc ording to video s igna Is [ 
204. An image on the surface of the^^p^ 
drum is developeKj 1^^^ 
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•■Immediately b^^ the surf ace 

potentiometer 803 measures the^ 
the photosensitive drum 303y^^^^^T^ 

803 requires an area of 1 cm square for measurement 
5 : and measures thei ave^ 

For purpose of simplification, the following 
example assumes that it^^^i 
tilting of the rotary polygon mirror. 
I^f FIG* 9 shbws a correct^ 

|]| 10 invention. This correction procedure starts when the 



^^^^^^^^^^ i^ on or when a job : 

starts . First the exposure optical syst^^ 
: a test pattern for measuring positional errors of 
;|j adjoining beam spots in the; subsidiary scahnih 

; 15 direGtion spot by^: s 

photosensitive drum 303. 

Next, the surface potentiometer 803 measures the 
surface potential on the exposed photosensitive drum 
303. As the mean surface potential of beaia spots whose 
20 distance in the subsidiary scanning direction is 

narrow is not equal to the mean surface potential of 
beam spots whosie distatice itt^^^t^ 

direMCtion is wide, the positional error of beam spots 
in the subsidiajry scanhing^; 
25 from the difference between the aforesaid mean surface 
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:poteirbial&^:'-" ■ 

By adding a video Bignal to 
the light quanti^^ 
the result of calcuiat ion; the^p^ 
in the subsidiary scanning direct 



The light quant ity :of a 



beam to be added or 



10 



15 



20 



25 



subtracted is termed as an interference light^^ 

The exposure optical system 802: exposes^^ 
pattern for measuring pbsitibnal errors of kdjoin^^ 
beam spots in the main scanning direction spot by s^^ 
onto the surface of the photosensitive drum 303^ Next/ 
the surface potentiometer 803 measures the surface 
potential on the exposed photosensitive drum 303 . 

in the same manner as the above/ the differ encie 
between the aforesaid mean surface potential 
calculated to; get a positional errors of beam sp^ 
the main scanning direction. : By adding a video s 
to. or subtracting it from the light quantity of an : 
adjoining beam according to the result of ^ 
the position of beam spots in the maih sca^^^ 
direction can be corrected. 

With these bperations/^^ ; 
ma in anfi : subs id iary : scann ing direct ions ar e : el iminat ed 
and consequently high-quality high-^resbiii 
can ;be obtained. Below are explained details of each 



•part in FIGv9» • 

The secoiid column of the table of FIG. 10 shows 
te^t patterns: for 
spots in the subs idiatYseanningd 
embodiment uses a test pattern for : measuring the 
distance between beam spots i and 2. To acGoraplish^^^^^^^^^^^^^ 
thiS/ the: exppsure optical system 802^ e^^ 
SE«>ts 1 and 2 by video 3ignals TO 

of "1" (black) and unexposes the other beam spots 3 
and 4 by video signals VD3 and VD4 of "0" (white)* 

When this test pattern is recorded on a Icm-sguare 
area of the photosensitiye: djnim surface/^^^ surface 
potentiometer 803 (see FIGv 8) can measure the mean 
surface potentials of the patterns. The elliptic areas 
of test patterns (in the second column of the^ 
PIG. 10) are exposed areas and their surface 
potentials are low-^ Genierallyr the^ s ; 
photosensitive drum 303 is uniformly char^ 
-600 volts by the charger 801. 

When the charged photosensitive drum is exposed to 
a laser beam, the potential of the ex^ 
the charged surface goes down. However the quantity of 
a voltage: drop to the quantity of exposure is apt to 
y be saturated and the quantlty^ exposure for besam 
spots is strong enough for saturation. 



^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

the second coixi^ 
saturated potential (-50^ y 

5 surface p^^ to 
identify potent^^^ 

takes the average of the potentials* 

The first colunm of FIG. 10 shows different 
scanning line pitches: standard line pitch B of 42 pm^ 
■^^10 narrow line pitch A b^f 

53 fun. The third column of FIG, 10 shows their mean 
surface potentials measured by t^ 



Ill 

J?; potentiometer 803* 



As seen from this table, the mean surface 
15 potential goes lower (that iSy the absolute value of 
the negative potential increases) as the line p 
beebmeis smaller V This is dependent upo 
the ejcppsed area whose potential is reduced to -50 
volts (elliptic ar^a in FIG • 19) to the unexposed area 
20 whose potential remains: at -600 volts/ 

The fourth qolumn of the table in FIG. 10 shows 

: t^ 

> calculated from thb^^t^ 

column of the table. As seen from these ratios , as : the 
25 scanhing line; pitch goes n^ 



becomes smallier and 

•:iow. . ■. • ; ■ * : • :'. ; .. . ^ :. ^ 

The mean surface vdlta^es ih the third column of 
the table are examples. Their magnitudes a^^^ 
upon charging and exposing conditio 

However; the relationship between scanning 1 
pitches and mean surf ace potehtia^^ 
uhder: an identical condition remains unchanged w^^ I^^ 
other words> scanning line pitches are always 
identical as far as mean surf ace potentials are 
identical. This characteristic can be used for 
correction of irregular scanning line pitches. 
; M 

the distance between beam spots 1 and 2 and the result 
of measurement of their surf ace potentials ^^t 
similar test patterns can be used for eabh^^^p 
other beam spots (2 and 3, 3 and 4, and 4 and I) and 
the similar results of measu^ : 
j^tentials can be obtained. 

Example (1) of PIG. 11 shows an example of the 
result of measurement of surface potentiala 
y34r and V41 in the execution of test patt 
measuring the distance of each pair of beam spots (1 



and 2 > : 2 and : 3 / 3 and: 4^ 

s ubs idiary s danni ng d ir ect ion . 



and 1) in the;: 
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^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ T^^ 

spots :2 and 3 iis w 

^^^^^^^^^^^^^^^^^^ 

these surf ac^^ 

5 identical as shown in Example (2) of PIG* 11/ the 
scanning line distances 

correcting procedure is explained below^^ r^ 
FIG, 1, FIG, 12 to FIG, 15, and FIG, 23, 

FIG, 12 shows the system configuration of an image 
10 recording device of the present invention. The prih^^ 
controller 203 sends synchronization signals BDl, BD2, 
;jj BD3, and BD4, pixel clocks DCLKl/ DCLK2, DCLK3, and 

DCLK4/ and video signals VDl, VD2, VD3, and VP4 
*v corresponding to laser light sources 310 to the 

■ : 15^ 

The correction circuit 1201 corrects the video 
signals VDl, VD2, VD3, and VD4 into VDel^ VDe2, VDe3, 
and vpe4 and outputs the corrected video signals to 
the engine 205, The cottection circuit can be placed 

2b in the output part of the printer controller 203 or in 
the input part of the engine 205, These signals are 
already explained in FIG, 4 and FIG, 5, However, in 
the image recording device of the present invention, 
the video signals VDl/ VD2, VD3> and VD4 are sent 

25; differently. They are; in xdetaii: beto 
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: FIG, 23 Sho^ 
Of the ptes^nt invention. The main difference is in 
that video signals VDl, VD2/ VD3, and VD4 ar^ all sent 
^ i^^ 
5 Gorrectipn Gircu^^^ 

geheratjes new video signals 

respectively in synchronism with the pixel clocks 
DCLKl, DCLK2, DCLK3 and DCLK4/ and supplies them 
respectively to the laser light sources 310 of the 
10 engine 205, 

The configuration of the correction circuit 1201 
of the present invention is illustrated in PIG- 1; The 
video signals VDl/ VD2rVD3, and VD4 from the printer 
contrpiler 203 are f ed to the interference: cixcuit 101 - 
15 The interference circuit 101 causes the sign 
interfere with each other by a light -quantity 
component preset by a means 102 which determines^ 
quantity of an interfering light of video signals and 
converts the signals respectivetly t 
20 and VDd4. The signals VDdl, VDd2, VDd3, and VDd4 
output from this circuit -example are^^2 
signals.. • • 

These signals are sent to the inputs^^p 
(Pirst-ln : First-^^^ 
25 synchrohism with^ ph the; other 
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hand r pixel clocks DGLKl / DCLK2 / DGLKl, and DGLK4 are 
: sent from the printer controller 203 to ^^^t^ 

; ; circuit :104:w : : The:^;d 

by a time: period set by ^ 
5 delay time period for each pixel cl^ 

resulting pixel clocks DCLKdl bCLKd2^ bciiKdS f and 
pCLKd4 to the outputs of 2-bit FIFO (Pirst-ln First- 



These pixel clocks are used to read signals^^^TO 



it| : Out) mCTiory 103. 

;jf 10 yDd2, VDd3, and VDd4. The signals VDdl, VDd2, VDd3> 

and yDd4 from FIFO memory 103 are fed to the pulse 

^^j modulation circuit 106, modulated there into video 

M- : signals VDel> VDe2y^^ v^ and VDe4v and output to the 

engine 205. The interference circuit 101 and FIFO 



15 memory 103 work to correct positions^^ p 

the subsidiary scanning direction and the delay 

circuit 104; and FIFO memory 103^^ w 

positions of beam spots in th^^^ 
: FIG. 13: shows :an explanatory 

20 interference circuit 101 i I 

generates signals VDdl>y^ 

video signals yi)lr VD2, Vp and a 4 x 4 

matrix A of actual coefficients 
means 102 for deteOT^ 
25 quantity V A cbeffiei^ 
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of a 
VDdj 



•signal transferred ftbm a s 



VDi to a: signai: 



(where ri'^ and; " are^ 



4) 



Substantially; in FIG. 13, a 4 x 1 slighai vector 
{ VDdi ; ; VDd2y VDd3^/ 
5 multiplying a 4 x 1 matrix having signals VDl, vp2; 
: and YD4 as its components by the matrix A. As 

Non-diagonal components (otheir than "aii") of the : 
matrix: A work to interfere with the adjoining beam 
spots r this circuit is termed an interference circuit 
10 :lOi> Thii5 circuit can^ b 

amplifier or adder or a digital circuit su 
computing unit (CPU) and ROM w 

FIG* 15 shows a principle of correction for 
determining coefficients of the matrix A of FIGi^ 13. 
15 The X-^axis of the graph represents the position of 
scanning lines 1^ 2, and 3 made by beam spots 1, 2, 
and 3 in the subsidiary scanning direction. The Y-axis 
of the graph represents the guantity of exposure of a 
beam spot 2 on the surface of the photosensitive drum 
20 by the video signal VD2. 

In Examples ( 1 ) and ( 2 ) of FIG . 15 , the distance 
(pitch) between the scanning lines 1 and 2 is ; greater ^ 
than the standard scanning lin^ 
(pitch) betwe^^ 
25 than the standard s^^ 
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Examjole (i) of FIG; ; 15; shows: the distribution of 
light exposed in a conventional tcfchnique and the 
position of a piicel 1503 which is developed by the 
develdper 804 . Assunting^ t^ exposure 
5 quantity is over al pfeset threshold vaiiue 1502 

(indicated by a dotted line) is developed by the 
developer 804; the position of a pixel 1503 to be 
developed neGessarily moves toward t 
: as the exposure distribut 
10 threshold level 1502 is developed. 

To move left the pixel made by the scanning line 2, 
the image recording device of the present invention 
adds one part of the Gpmponent^^^^ 

for the scanning line 2 to the component of the video 
15 signal VDl for the scanning 

subtracts the component of the video signal VD2 for 

the scanning line 2. 

in the matrix A of FIG- 13/ a22 is 0*7 and a21 is 

d.5. As the result, although the intensity 
20 distribution of a beam spot usually is a Gaussian 

distribution (nomnal: distribution) as shown in Example 

( 2 ) of FIGv 15/ the exposute^^ c^ 

scanning line 1 and the exposure : com^^ 

scanning line: 2 are ojrt:iQaii^ 
25 - exposure distribu^^ 
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ejcposure di^^ 

level 1502 and the position of the developed pixesl 
1507 acdor ding to present ih^^ becomes optimum, 

F 

5 detem 

24 (1) shows the result of ; ppteht^^^^ 

is the same as FIG* 11 (1) . The ineans 102 calculates; 
■ the difference between each surf ace^^ 

V23, V34> and V41) and the average Va (= (V12 + V23 + 

10 V34 + V41) / 4) and judges whether the distance 
between each pair of scanhinig lines is small 
In this example, the distance between the scanning 
lines 2 and 3 is wide and the distance between the 
scanning lines 4 and 1 is narrow. The means 102 

15 determines the quantity of interfe^^ 
in FIG. 24 (2). 

First the means 102 corrects the distance between 
the scanning lines 2 and 3 . This exan^le assumes that 
the quantity of correction M23" is Va -;v23. The 

20 interference coefficients -a23" and "a32" are 
re 

^d23'' to the old coefficients "a23- and "a32." For the 
first correction; coefficients ra23^ and "a32'' are 
refspectively Ow The interfereiic^^ 
25 and "a33 " are respectively obtained by subtracting the 
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product of "ik2" by "d23" from the fold coefficients 
;"a22:" .and "333". ^> - -l^i^--' 

For th€i fir bt correction, it is assumed that ; 
coefficients "a2i2" and "a33r were respectively 1. 
5 Constants r'ki" and ^^k^^^ 

according to frequency of correction; stability ^ and 
so on. With this correction; the pixel to be developed 
by the video signal VD2 gets closer to the scanning 



line 3 from upon the scanning line 2 and the pixel to 



10 be developed by the video signal VD3 gets closer to 



the scann ing 1 ine 2 from upon the sc anning 1 ine 3 . 



J=: Thus the distance between the scanning lines becomes 



^Ij smaller. 

' ■ . ■ ■ ■ : ■ ■ • • • • • 

4V Next the means 102 corrects the distance between 

15 the scanning^ 

the quantity of correction "d41" is V41 - Va, The 
interference coefficients "a4 3 " and ''al2'' are 
respectively obtained by adding the produ^ 
"d41" to the old coefficients "a43" and "al2." For the 

20 first correction/ coefficiients "a43" and "al2" are 
respectively 0.^^^ 

and "all" are respectively obtained by si^ 
product of "k2" by "d41" from the old coefficients 
"a447 and "all . " For the first correction/ it is : 
25 assunied: that coefficients "^344? and '^all" were :: 
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respectively I..' 

Constants "kl and "k2'* are experimentally 
determined abCGrdin^ to frequ^ 

stability, ; and so on- with this correction, the plxe^^^ 
5 to be "^^^ 

the scanning line 3 from upon the scanning line 4 and 
the pixel to be developed by the video signal VDl gets 
closer to the scanning line 2 from upon the scanning 
line 1 ;i Thus the distance between the scanning lines 
;Jf 10 becomes greater. 

FIG* 14 shows an example oif an interference 
circuit 101 using ROM 1401. In the image recording 
'^Xy deivice according to the present invention/ after 



■I *. 



measurement of surface potentials, the resulting^^^^^^^ 
15 signals (V12, V23, V34, and V41) (illustrated in PIG. 
11 ( 1 ) ) are respeetiv^eiy conve 
by the analog--digital converters 1402 (A-^ 
latched, and fed to the addriess inputs of ROM 1401. 
ROM1401 deteirmines the coefficients of the matrix A. , 
20 ROM 1401 multiplies said 1-^bit vi^ 

VD2, VD3, and VD4 which are fed to the address inputs 
of ROM by said mktrix A :ahd outputs the resul^^ 
bit signals VDdl, VDd2, VDd3, and^^V^^ 
Substantially, ROM l401 stpres the results of 
2S^ <^ 



signals (V12 , V23/ V34> and V41 ) and the video signals 
(VDI, Vt>2, VDS, arid vpi) in advance. 

Thie 2-bit signals VDdly Vb and VDd4 are 

fed to the 2-bit FIFO (First-In First^Out) menipry 103 
; and output with delays given by the pixel cio^^^ 
DCLKdl, DCLKd2, DCLKd3, andDCLKd4. 

The details of FIFO 103 will be explained later in 
the description of positional correction of beam^^ 
in the main scanning direction. The signals V 
VDd2, VDd3, and VDd4 output from FIFO 103 are fed to 
the pulse modulation circuit 106 and o^^ 
as binary modulated video signals^ TO^ 
and VDe4. 

FIG. 25 Shows an example of a pulse modulation 
circuit 106 of the present inventipn>; $igna^ 
yDd2; VDd3/ and^^ W 

A ) converter 2 i 01 . The d igit al ana log ( D ) converter 
2501 latches these signals by the; pixel clock DCM^ 
and converts them into anaiiog signals 2504. When 
receiving the pixel clock DCLKlv the saw- tooth^^^^^^^^^^^^^^^^ 
generator i2502 increases : the p 
to fom a saw-tooth wave 2505 unti^ 
:clpck- DCLKl , comes.; ' 

I The cbmpariatoi 2503 
2505 by the analog si^ 
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outputs a! binary signal^^ W 
signal 2504 is^:g 

a binary signal VDel lo^^ analog signal 

2504 is not greater than the saW-^^ : 

FIG. 26 shows the result of modulation by said 
pulse laoduiation circuit 106. It contains a pixel 
clock DCLKl, an analog signal 2 

2505v a signal VDel and pixels Which are developed 
actually. In this device example, one pulse is 



Ml . 

10 generated between t^ 



and its width is modulated. 

This is effective when the res jk>nse ability of the 
laser light source^ 310 ar^ not enough. : If the 
response ability of the laser light sources 310 has 

15 high enough, it is possible to generate two or more 
pulses and modulate their widths. In such a case, 
horizontal lines can be recorded smooth. When the 
laser light source 310 can input analog signals, the 
analog signal 2504 can be directly output as VDel. 

20 : ; Witb 

to the present invention can form high-quality high- 
resolution images without irregularity of scanning 
^ 1^^ errors of beam ^potS : 

1> 2> 3; and 4 in the^^^s^ 



spots in: the subsiciiax^^ 

recording device; of ithe preset the 
positidhal errors of bee^ spots in this main scanning 
direction. 

The ima^ 
invention exposes the test 
positional errors in the m^^ 

by spot onto the photosensitive dnam: 303 v^^^^^^^^^^^^^:^^^^^^^^^^^^^^^^^^;^:^^^^^^^^^ 

The second column: of the table of FIG 
test patterns for measuring positional errors of beam 
spots in the main scanning direction. Th^^ 
uses a test pattern for measuring tlie distance between 
beam spots 1 and 2. To accomplish this > the exposure 
bptidal system 802 exposes beam spot s^^ 
applying a video signal VDl of "1000" ("1" for black 
and ^0" for white) ; beam spots 2 by repeat edl^^ 
applying a video signal vp2 of ^'OlOO," and unexposes 
the other beam spots 3 and 4 by repeatedly applying 
video si^gnals VD3 and VD4 of "0000". 

area of the photosensitive drum surface> ; the sur 
potentiometer 803: {see PIG; 8): :can:::m 

isurf ace potentials of the patterns . The elliptic areas 



of test 
FIG J 16) 



patterns ( in: the second coltimn of 



the table of 



are: ibki)p6ed area^ 
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are idw^ Geheraiiyv^^^t^ 

drum 303 is uniformly charged to i about -600 volts by 
the: chairger; 801 • W phptp^igiisitive drumi 

is exposed to a laser beam/ the^^^p^ 
5 exposed areas oh the charged surface goes dpyn. 

However the quantity of a voltage drop to the quantity 
of exposure is apt to be saturated and the quantity of 
exposure for beam spots is strong enough for 
saturation. 

10 Therefore the elliptic areas of test patterns (in ; 

the second column of the table of FIG* 16) has a 
saturated potential (-50 volt for this embodiment) 

^^^^^^^^^^ 

surface potentiometer 803 does not h^^ 
15 identity potential differences of scanning lines and 
takes : the average of thei pbtentials. 

The first coltzmn of FIG* 16 shows changes of 
scahniiig line pitched: optima 

any deviation^ left-deviated line position A (by 20 

20^^^^^^ f^^^^ 

third column of i'lG. 16 shows their mean surface 
potentials measured by the surf ace^ 
As seen from FIG*16, the mean surface potential 
negatively inbreasesx as the b^ 
25 away from the 
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ill 



111 



10 



15 



20 



25 



This is depend^ 

area whbs€j t><>t^n^^ 

area in the second coliimn^^^p 

area : whose po t eh t ia 1 r enia ins at - 6 0 0 vol ts . The fourth 
GOluian of the table i^ 

ratios of the elliptic areas calculated from t^^^^ 
patterns given in tte 

seen f torn these ratios y as the beam spot 2 
away from beam spot 1, the exposed area becomes 
smaller and the mean surface: voltage will not go io 

The mean surface yoltages^ i 
the table of FIG. 16 are examples. Their magnitudes 
are dependent upon c bar g ing and expo s ing condit ions • : 
However / the relationship between distances of : be 
spots 2 and 1 in the main scanning di 
surface potentials which are measured under an 
identibalbondition remains unchanged. 

In other words^ distances of beam spots 2 and 1 in 
the main scanning direction are always iden^ical^ 
far as mean surface potentials are identical. This 
characteristic can be used for correction of 



deviations : : of beam : spot 

Mthough FIG. 16 show 
the relative distance: between b^ 



in : the main scanning directib^^ 

for measur ing 

i:i:ahd:;:2;:'ih;::.x:x:::: 



the iaaih seanhing^ 
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measur^ent Of : their; s 
test patterns can: be: use^ 
beam spots (2 and 3> 1 a^ 



of 



s ur f ace pot exit la 1 s 



similar results of ^m^ 

5 can: be qbtained<^:^^^^^^^^^^^^^^^^^;^^^^^^^^^^:^^ : : 

:FIG> 17 (1) shows the surface potentials VI 2, V23^ 
: : V34 v and 

pattern for measuring relative distances between^^^^t^ 
spots 1 and 2/ 2 arid 3, 3 and 4, and 4 and 1 in the 

relative distance betweien beam spots 2 and 3 is great 
and that between beam spots 4 and 1 is short* 

^^^^^^:^^^^^^^^^^^^^^ 

surface potentials V12r V23, V34, and V41 identical as 
15 shown in Exan^ie (2) of FIG. 17> the^^^a^ 

distances of beam spots become equal to the^^^ s 
width : ( 42 :|im 

spots are not deviated^^^i the main scannig direction • 

Such a correcting procedure i 
20 FIG. 27 shows an ekample of means 105 for 

■determining delay time periods according to the 

present invention. FIG. 27^^^^ ( 
^^^^^^ p^^ FIG. 17 (1) . 

The means 105 calculates the difference between each 
25 surface potential (yi2> V23> V34, and V41) and the 
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average Va(=(Vl2+y23 :+ + V41) / 4) and judges 
whether the relative distance^^^^^^ 
beam spk^ts is small or large in the m 
.' ■ direction ■ 
5 In this example, as the: surface potiential 723 is 

lower than the average voltage^ V 

moved right away from the beam spot 2* Similarly; sls 
■the surface potential 

voltage Va, the beam spot 1 is moved left away from 
10 the beam spot 4. For correction of these d 

the means 105 determines delay time periods as shown 
, . in FIG. 27 (2). 

First the means 105 corrects the positional 

relationship between beam spots 2 and 3 in the main 
15 scanning direction;^ This example assumes that the 

quantity of correction ''d23" is Va - V23. The delay 

time periods •'ti" and ••ta*^^ 

by adding the product of "kl» by "d23" to the old 
delay time period "^^^ 
20 from "t3." 
F^ 

and ''t3^ are respectively Ov The^ 

frequency of correction/ stability, and so on. This 
25 correctioh eliminates the uhw^ 
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pixissl developed by the Video^^^ 
developed by the yid^^ 
direction;-'. 

: Next the means 105 corrects the positional 
relationship betweeln bea)^^ 
scanning direction i This^^ e 
quantity of cbrrecti6n '^d41'' is V4 
time periods "ti" and "tl'* are respectively obtained 
by S3ubtracting the : product of ^kl ** by ^^^'^^^ 



10 old delay time period "t4" and adding the product to 
i,. "tl," For the first correction, delay time periods 

'2\ . "14" and -tl" are respectively 0. 

The correction constant "kl" is experimentally 
|l determined accordinig to f requeiicy of correction^ 

15 stability^ and so on* This correction eliminates the 
unwanted distance between a pixel deve^ 
video signal VD4 and a pixel developed by the video 
signal VDl in the main scanning direction. 

Then the means 105 makes the delay time periods 
: 20 positive* As actual delay elements cannot generate 

negative delay time periods, the means 105 performs a 
simple operation to make ; them positive v The^^m 
subtracts the minimum delay time period "tm" from each 
of isaid delay^ime periods *tl," ••t2r" "^3/" and "t4;" 
25 The resulting differences "^^^^ and ?T4" 
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arexpos;itiv^:-:yaiiie5^:.':':;^^ 
usually are greater 

time periods "Tl , " "T2 /" "T3> - and "T4 " can be made 
5 greater by making; "tm" s^^ 

image moves : by a time period " tm" along the main 
scanning direction in this operation, thiis deviation 
usually is one pixel or less and can be ignor^^^ 
the image is corrected during recording. 

10 The resolution of the embodiment of the present 

invention is 600 dots per inch (dpi) and 1 pixel is 42 
\m big. The pixels are scanned at a rate of 50 hsec. 
The delay time periods "Tl = 28," "T2 > 28," "T3 = 8," 
and "T4 = 8" are set for the result of measuranent 

15 shown in FIG. 17 {!) for correction. With these delays, 
the position of the beam spots 1 ahd 2 are corrected 
by about 17 juu in the main scanning direction. 

FIG. 18 shows an example consisting of a means 105 
which uses ROk 1801 to determine delay time p^ 

20 and delay circuits 104. After meaisurement^^^G^^ 

potentials, the resulting signals (V12, V23, V34, and 
V41) (illustrated in FIG. 11 (1)) are respectively 
converted into 4-bit signals by the analog-^^ 
converters 1802 (A-D converters) , latched; and fed tg^ 

25 the^^^^^ 
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jirji2^ » "T3, ^ and "T4 " by said calculatipa 
them as 4-bit sighals respectively tp this delay 
circuits 104 • SubstantiallyV ROM 1401 stores the 
retsults ; of calculi^^ 

of the signals (Vl2/ V23^ V34, and V41) in advance. 
The means 105 fot diste 

consists of delay lines with 16 normal taps and^ a 
selector for selecting one of 16 delay signals output^^^ 
from the taps by 4 -bit delay time signals "Tl," "T2," 
"T3," and *'T4." 

This embodiment uses delay circuits 104 each of 
which can select 8, 12, 16, 20, 68 nsec. With 

these, the pixel cl6cks:DCLKl/DGLK^^ 

are delayed respectively by " Tl ; " "T2 > " " T3 , " and "T4 " 
into DCLKdl>DGLKd2>DCLKd3/ and DGLKd4, The res 
pixel clocks control the output of FIFO 103 i 

FIGw 28 shows ah embodiment of FIFO 
priaiBejht: invention. The write address counter 2801 is 
cleared to zero by a synchronization signal BDl and 
incrCTiented by a pixel clock DCLKl. The video signal 
VDdi (i - 1, 2> 3, and 4) which is fed in syn^ 
with the pixel clock DCLKl is stored in the teiipbrary 
buffer 2802 y then w^^ 
this write 



Ill 



On the Other hand> the read addr^ 
is cieared to zero by a synchrpnization signal iBD^ 
: incremented by a pixels :c^ 

the vid^o signal VDdi whieh^^h^^^ 
5 ad^^ 2804 in 

idemory 280 in the temporary output buff 

and output from there in synchronism^^ w^^ 
clock DCLKdi. 

I^f In FIFO 103/ the pixel clock DCLKl to write and 

|1| : : 10 x DCLKdi to read work completely^ i 

' Therefore, after FIFO 103, the video signals VDel, 

■•^5 ■ ..'.■...* ■ ', , . . ' 

ill pixel clock DCLRI are in synchronism with the pixel 

.|i clocks DCLkdlv bCLKd2/ pCLKd3, and DCLKd4 for each 

15 beam spot whose positional error; in the main scahni^^ 
direction is corrected. : 

^^^^^^^^^^^^ W^^ 

is a high-quality and high-resolution image without 
jitters which are posit ibnal errors of be^ 
20 the main scanning direction. 

The aforesaid explanation does^^^n^ 
influence by face tilting of 
; 302wx Althbtigh t 

influences: of scanning faces and^^^^t^ 
25 be ihcreased> it is al^p^^^p^^ 



inore accurat^^^ 

iiidividualiy as this control can be done in real tiinev 
Substantially^ the same circ 
14 is used a^^ 

5 t imes as the number of scanning faces . This technique 
recjuires less hardware 

■:accuraLCy ■'lowv;:;:;:;"- ■ :V':-V -i^: ^ 

For actual usesy the interferenc^ 

many as the scanning faces are provided and 

10 controlling is switched for each face. This repetitive 

control can effectively reduces influences by the 



circumferential dispersion or flaws on the 

ill- ' ■ -■-'■■y ;■. ; ; _ 

photosensitive drum which cannot b€J removed by a 
|J single controllihg, using data of each face which has 

15 been stored in advance* This control sequen^^^^ 

illustrated in FIG. 30. This control can eliminate 
irregiilarity of scanning^^^p^^ 
BBJih face..;- 

Nov we must consider that scanning lines may be 
20 deviated on scanning faces because of face tilting 
although the scanning pitches of beams are well 

^^^^^^^^^^^^^^^^^^^^^ c^ 

that the rota 



circuits can be u^<^d^^ t^ 

cbrrection by handling :fo as one 

unit and by replad 
scahning face.' * 

: One eiobodiment o bontrol sequence is ili^st^r^ted : 
in PIG« 31. First controlling is xa^^ 
scainning f ace / then made^^ o 

aforesaid explanation, we have discussed about the 
irregularity in the gray level as an item to l>e 



V 10 controlled. 



However/ the present and advanced controlling will 
be more complicated ahd^^^h^ 



^^^^^^^^^^^^^^^ : : i 

components which are sensitive to visual 



15 characteristics of persons (the number of beams by the 
niunber of scanning faces or the number of ^ b^ 
number of scanning faces by a dithering pattern pitch 
(when considering a dithering pattern pitch) ) 

With this, the corr€k:ting procedure of the present 

20 invention is completed^ Now we can get high 

and high-resolution images without any positional 
error of beam: spots in main and subsidiary scanning^^:^^^:^^^^ 
directions. 
: ; 

25 ; correctio^^^ 
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sc^nhiiig I diirection an^ 

errors in the main this 
order cannot be reversed because the test pattern for 
measuring positionjal error^^ 

x-v- .:5y:>:::-: directioh^is:''i^ 

^^^^^^^^^^^^^^^ ; : 

although the test pattern^ 

errors in the subsidiary scanning direction is 
available even when there exists a positional error; in ; 
10 the main scanning direction • Only 6ne correcting 
procedure is enough but it : is recommended^^t^ 
this correcting procedure a number of times for higher 
accuracy . 

For example> print put some pages after correctionr 
15 then repeat this correcting procedure once more • You 
can also correct positional errors due to 
environmental changes, etc. Further, this correctirtg 
procedure simply meaisur 

surfacels oh the photosensitive drum and reiquires no 
20 recording medium such as toner and paper^^ 

images heed not be developed and transferred ♦ Purth^ 
the engine 205 need hot be^:m^ 
surface potentiometers: are found i 
: convent ionalyi^ 



completed* Next wili be explained items on optical 
system hardwaire to supppr^^ 

As for light sources;; semiconductor 1^^ airrays 
will be prevailing judging from their easy 
inst^llatipnV compactness/ and easy controlling. FIG* 
32 shows the structure of an example of ^ 

' laser ' array * V ' 

This is a typical laser array and it 
explanation is omitted. The emitting powers of laser 
beaiQs arei Cohtrolled by currents fed from the pr- 
elect rbdes 3109 I to 3112. in this case, the laser light 
iBdurce must be disposed to satisfy t 
magnification (the ratio of the diameter of a beam 
spot on the surface of the photosensitive drum to the 
diameter of the light emitting point of the laser^^^^^^^^^^^^ 
array) . A usual semiconductor laser array has light- 
emitting points 3113 to 3116 of 5 fim big equally 
spaced at intervals of 100 urn* 

When the semiconductor laser array is designed^^ 
form beam spots of about 50 urn on the surface of the 
photosensitive drum 303, the llght-^ 

the laser array must be spaced at intervals of about 1 
mm consider ihg: the optical imagnificat ion > fah-^ : 
angle of the beam emiss ion v Th^^ 



pitch of 1mm is tod 



large although there is a skip- 
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scanriiiig technique* Thieref pre 
array is tilt:ed al?put 



25 



90 degrees as sh^^^ 

arid : krran^^ 
preset value may be made on tte^ 

FiGi 33 shows a scanning example of 600 cJipi in ; 
which the scanning lines are spaced at intervals of 42 
lim. In this exani^ 

may be generated but they can be eliminated by setting 
of f set times of lmm> 2mm, and 3mm by the: delay 
circuits 104 in FIG. 1* The greatest merit of this 
configuration is that the structural dispersion of 
beams in the subsidiary scanning direction can be 
reduced greatly. /;■..;:: ' . ... 

In other words/ the pit^ 
in the subsidiary scanning direction (using a 
semiconductor laser array shown in FIG* 32) can be 
greatly reduced at a rate of 6 tanO and conse<iuently, 
the laser arrayis can be produced with less 
manufacturing loaid. 
^^^^^^^ 

combination with the controlling according to the 
present invention, higher controlling can be 
accomplished. When this controlling is considered 
differently, the fTOdback cohtroliing^^b^^ 
:adGordihg(: to: t 
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cohtrolling and :furt 

: For examplev as shpwn^^ m 
PD3301 is placed be^ 

thB laser array 3100* in this configuration/ the 

the laser array is not equal to the monitored 
intensity of a laser beam f roin the end- of the l^ser 
array because the laser 

^^^^ 

10 the figure, it is ideal to provide a monitor PD3301 
for each; laser sourcev but it is substantia^^ 
impossible judging from the installation technique. 

Another technique can be considered to fee 
the light quantity in a time-division manner. However 
15 it is extremely difficult to cause an identical 

percentage of laser beam to be applied to the monitior 
PD330i. The last possible technique is to judge the 
^^^^^^^^ e^^ 

by the feedback from the surface potential detector 
20 over the photosensitive drum^ As the dif fere 

laser powers is very sensitive to the rise^^^^^^^^^^^^^^^^^ : 
characteristics of the above-mentioned line 
isynchronizatibn sensor, exact controlling is ^^^r 
^^^^^ : T^^ 
25 dispositionis of the^ 1^ 



rotary polygon mirror ^ the optical scannin^^ r and 
:the^p sensor; A^m 
images and controlling by feedbk^ 
exposure is extremely^^^e^ 



to t he opt ijttum values , 



5 making the total system closer 

Next/ FIG. 37 shows an embodiment of a sequence; of 

mie^^ 

arrayv The purpose of this sequence is to solve^:^^^^^^^.^^^^^^^^;^^:^ 
problems dependent upon the performance 
li 10 disposition of each laser source and to: perform exact 

V ; initial setting by c^ a 

• 

Jl non-saturation light quantity (e.g. half of the 

^1 quantity of exposure) onto the phptosensitive drum^^^^a^ 

|1 feeding back the result for controlling. 

15 It is effective to apply a test pattern repeatedly 

by changing its light quantity levels and perform 
feedback control until the influence by the 
environmental changes (e.g. tenperature changes) is 
eliminated and the values become fixed. 
20 Recently/ there have been de^ 

illumination laser units having small beam fan-out 
^^^^^^^^^^^^^^^^^^^^^^^^ a^ 

as the laser manufacturing technique improves. The 
latest las^ 

: 25 of aibput: 60^ 1^ dots! per inch) on 
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light source/ a: hig^ 

accomplished by mans of a skip scan 

without tilting the semiconductor laser array* 

35 shows an exan^^le of a skip^^ 
semiconductor laser array having four iaser : 
emitting points We can easily guess that this kind of 
laser light source is applicable to the present 
inventiohv Aithbugh this kind of las 
can be installed more easily than a tilted 
semicohduetor laser arrayy it has a dCTierit that the 
positional errors of laser beam e^^ 
directly give an influence to the scanning line 
pitches ; 

it is assumed t^ 
depending upon designing performance is not enough for 
the future image recording devices which require 
higher resolutionfs. Contrarily> the light quantity 
controlling method capable of adjusting scanning line 
pitches in the subsidiary scanning direction 
to the: present invention is guessed to^^^b^^ 
ef fective to increaise the ima^e 

Further r the image resolution is affected by the 
number of laser beams ; ; the^ 



>25 I rotary |>olygon mirror 



pixels in 



the 



ill 

ill 



subsidiary scaM^ 

^^^^ b 
c 

: seariiiing dire^ 
5 common multiple of 

cause irregulatities in from the 



:|v ; ; common mu 1 1 ipl e mus t not be a low frequency . 



FIG. 36 shows a visual transfer function of human, 
lb We hardly recp 

4 line pais per mm. Therefore^ if the aforesaid least 
cp™pn muitiplie goes over 4 line pais per mm, the 
visual transfer function^^o 
=|) However, this cannot be ignored when the image has a 

15 continuous ha^ 

recording device having a resolution of 600 dpi (24 
lines per mm) and 8 mirror faces may fom 
v;line ;pais'/mm-. ; ■ 

Now return ih^^ 

20 by major factors (the number of lasier beamis; the 
number of fa<2es of the rotar^^ 
number of pixels in the s^u^^ 
in a cell on which area^^ 
resolution is less affect^ 
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For example^ 
image recording 
considering the 



a rotary 



ppiygon mirror 



device ; generally has : 



of a fast 



eight 



scanning angled Accordingly> using 



four laser beams arid 4 or 8 pixels in 



faces 



the subsidiary 



Sic aiririing d irect ion in a 



celi oh which are^^ 



is performed is preVaiiiJig>^^^ 



rairrpr has six 
or 6 pixels in 
preyaiiing. 

In other words/ 



faces / using 3 or 6: laser >beams and 3 
the subsidiary scanning direction is 



i t is s ignif icaht that 



va lues than t he three iaaximiim values are 



any other 



divided 



int e^ger s Without a r ema inder • : In: such a cas le 



maxoj&um xs 



equal to 



the least common mul t iple • 



number of mirror faces : and the least common 



by 



the 

The ; 



multiple 



the: number of 



laser 



number of 



beams . 



laser 



i^ser beam 



can be reduced by xncreasxng 

beams raisans that the 
becomes : greater • :: Also; judging from t^^ 
explain<^ exposure q 

effective. It is needless to say that the of 
freely changing scjanning positions has a greatet 
degree of freedom: in>designirig; than any other 



One of irregularity causes 



that 



explained 



have 



subsidiazry 



bean: ir r egul a r sc ahh ing 



^ dahhing d irec t ion ^ : that 



is; 



not 



the 



been ; 
in the 
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rotational speted; of ^^^^^^ 

span moving errors caused;^: b^^ 

condition (temperature> re 

be absorbed by the above-explained methods • • 

HbwiBverr^^^^^^ 
vibrations/ etc V are represented^^^b^ 
number of mirror faces and the number of laser beams 
and can be reduced greatly by the correct io 
according to the present invention. To make the system 
resistant to shocks and vibrations; the basic clock 
source for driving the mechanism should be^ 
separately away from the clock source for driving the 
rotary polygon mirror (to ioaake them out pf 
synchronization). 

Below will be exp^ 
meaiis of tlie beam detector 305 which is related to the 
irregularities in the main scanning direction. The 
cbnvehtionalBD signal generating means has d 
analog outputs at a threshbld level as shown^ i^^ 
In an image recording device using multi-bec^s, a 
combination of beam fan-^out diameter differences^^:^^^:^^^ 
(image ifisur face curve errors and^^^i^^^ 
and laser power differences are great p^^ 



25 



probi ems are logi ic al ly big 
explained method ^^^^^1^;^^ : 



loads to the abpy e r- 



To avoid this, a peak hold circuit is effectively 
used instead of circuit for digiti 

signals. The peak-hold circuit rises binary outputs at 
peak-^]Dbwer tiiming^ 

any) can : be effectively pre\rented by a light-equality 
filter placed before the sensor. Rising the binary 
output at peak power tiining can previent exp^^ 
laser spots , eliminate power errors , and further 
improve the accuracy and 
correcting method. 

Referring FIG. 8, FIG. 10/ FIG; 16/ and FIG. 19, 
the correcting method will be explained below. 

FIG .8 shows an embodiment of a^^ 
device of the present invention; Although said 
embodiment lises a surface potentiomet 
8) as a means to measure the result of exposure of ^^^^^ 
test pattern, but this 
dehisity sensor 805 to^ m 

systean exposes a test pattern for measuring positional 
errors onto :the surf ace of the photos^ 
The electrostatic latent image on the photosensitive 
drum is developed by means of tpner from the deve loper 
804.. : 
The 

of toner oh the surfa<:e of the photo 
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this case, the surface potentiometer 803 and the 

^^^^^^^^^^^ : 

toner; which may cau6e^^:m^ 
it is hard to continue severe controlling.^ 
5 y it may ; be recbnimended to 
potentipmeter 803 and th^^ 

in a unit on the developer or toner cartridge and 
replac^e them together with^ 
(at a preset print-out count). 
10 FIG. 19 (1 ) shows an example^^o 

an optical density sensor. The light-CTiit ting unit 

1901 usually is a light emitting diode (LED) having a 
narrow directivity. The light receiving units 1902 and 
1903 are photo diodes or photo transistors PDl^^ a 

15 having a narrow directivity. The light receiving unit 

1902 receives a diffused and reflected light component 
and the light receiving! unit 1903 receivies a regular 
reflected light component. 

The positions of these units are determined 
20 according to the ref lection: characteristics of ^^ t 
and surface of the photosensitive driim 303, the 
diri^tiVities of the light splitting and receiving 
unitS/ etc. Namely; the at positions 



which 



have :the greatest signal changes V As sho>^ 



25 FIG. 19 (2 ) r this eni)odiment g<ets an output by 



^68 - 



calculating the signals of the light receiving uriit^ 
1902 and 1903 adequately/ Usually r li^ht f roni are^s 
of about 1 CDQi in diameter are measured and averaged. 
The > Optical density" fields of FIG. lb and FIG. 
5 16 show the results of actual measurement. Their ^ u 
are optical ir^f lection dehsitie^^ 
mean surface voltage of photosensitive drum. {2 
places) in FIG. 9 can be substituted^^ b 
optical density of toner on the photosensitive drum. " 
10 The other items in the operational f low arei the same 

as those of said embodiment. 
^^^^^^^^^^^^^^^^^^^ : 

potentials of the photosensitive driuay^^^t^^ 

meiasuring the mean optical densities of -tone^^ o 
15 photosensitive drum) requires toner (to 

patterns) and wiping away toner from the surface of 

the photosensitive drum after measures 

a load to the engine 205/ but the measurement is very 

iexact. Its reason is explained billow. 
20 The developing characteristic (surface potential 

vs. quantity of attached toner ) of the developer 804 

has more striking saturation characteristic than the 
^^^^^^^^^^^^ e^ 

surf ace p<>tehtial) of s^id photosensitive drum :303 . 
:25 Furthe^/ the pptica^^^ 



- 6 9 



Q 
'I) 

hi 
m 

ill 



ill 



10 



15 



20 



25 



attached toner vs; opt ical^^M 
optical density sensor 80S also: has^^^^a^ 
: character istic w : 

pattern (see "Test Pattern" fields of FIG. 10 and FIG, 
16) is converted into a signal of the optical density 
sensor 805 through said exposure characteristic/ 
developing characteristic, and optical characteristic, 
the signal is digitized at a preset threshold leVel 
and has a complete binary chiaracte^^ 
exposure vs. optical reflection factor). 

The binary characteristics ma^k^ 
resistant to noises such as density fluctuations. This 
phenomenon is common in most e lect r onic phbtogr aphic 
processes^ The densities of a toner i^ 
the photosensitive drum can be easily checked by 
taking a picture of the toner image by a camera an^ 
measuring the densities of the pictuM^ 
by a microscopic densitometer. 

Accordingly> the mean: optical density values in 
the "Opticatl Density" fields of FIGvl6 is linearly 
proportional to the: "Ratio o^ 

the resultv: this: CTibbdiment can I perform measurement of 
positional errors of beam spots which^ i 
and mbre resistant to noise^^^^t^^ 
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of measuring the surface potentials on the 
photosensitive drum. 

Referring FIG* 20 and FIG. 21, the scanning line 
pitches are explained. The purpose of the above-said 
embodiment is to make: pitches of act;^ 
equal to the St 

by the engine 205. The purpose of this ombodiment is- 
to make pitches of actual scanning li^^ 
other scanning line pitch than that determined by the 
engine 205. 
For exa^ 

resolution of 600 dots per inch which is eq^^ 
a standard scanning: line pitch of 42 ^3^^^f^^^ 
eanbodiment changes this scannin 

(equivalent to a resolution of 480 dots per inch). 
This sqanning lines changed from the staiida^ 
lines are termed as virtual scanning lines. 

FIG.^^^^^^^^ 

correcteki. The embodiment; of an image: r^^ 
of the present invention is a multi-beam laser printer 
of a resolution of 600 dots per inch using five laser 
beams. This embodiment assumes that five standard 
scanning lines 1^ 2, 3, 4y and 5 {represented by solid; 



liniesj:) 
and: 5. 



are correctly formed by be^ 



Al 1 : t hes e : sc ana ihg 



3> 4, 



lines are equally spaced at 
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an interval of 4 2V3^;:m^^^^ PIG* 20 (2) shows virtual 
scanning lines fomed at a iresoiu^^ 
' '.inch. 

For convenience^ a set of four virtual scanning 
line^ are; numbered 1/ 2r 3, and 4 from the top. The : 
virtual scanning; lines are equally spaced at an 
interval of 52.9 \m. The dotted lines are given at 
intervals of 5.3 to clarify the positional 
relationship b<Btween the standard and virtual scanning 
linesi standard lines at a resplution of ^ 
inch are drawn for every eight dotted lines and 
virtual lines at a resolution of 480 dots per inch are 
drawn for every ten lines . 

As seen from FIG. 20/ the virtual scanning line 1 
is betweeiiL standard scanning lines 1 and 2. To get a 
virtual scanning line 1/ the standard scanning line 1 
is moved downward (toward the standard scanning line 
2) by +15.3 fun^ This is accomplished by dividing the 
signal VDl into VDdl and VDd2 by the interference 
circuit 101 of FIG. 1. Substantially, as shown in 
FIGil3/ increase the c6efficient ral2~ and^^^r 
coefficient "all** by that amount in the matrix A 
(expanded to have elements 5x5). 

Similarly, the virtual scanning line 2 is between 



25 



s t a nd ar d s c ann i ng 1 in es 2 



ahd 3;^ ; To get a; yir^ 
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scanning line 2v the stahdard scann^i^ 
do>raward (toward the standard ^ 
+15 v9 |Limv This 
VD2 into VDd2 and VDd3 by: t^ 
5 of FIG.I. Substantially, as shown in FIG. 13 , increase 
the coefficient va23" and reduce^^^ 
by that amount in the matrix A (expanded to have 
elCTients 5 x 5). 

Also similarly r the virtual scanning line 3 is 

10^^^ b 

virtual scanning line 3, the standard scanning line 4 
: is moved upward (to^ 
; by +15 w S^^^^f^^ 

signal vp4 into vpd3 and VDd4 by the interference 
15 circuit 101 of FIG. 1. Substantially, as shown in 

FIG* 13, increase the coefficient ''a43'' and reduce the 
coefficient "a44" by that amount in the matrix A 
(expanded to have elements 5 x 5). 
Furtherv the virtual scanni^ 
20 standard scanning lines 4 and 5* 

: 

scanning; line 5 is moved upwar^^ 
scanning linie 4) by +5.:3 1^ 
dividing the signal VD5 into VDd4 and^^V^ 
25 inter of FIG^ 1. Substantially, as 



showji in Pl<j> 13 / increase th^ coef ficient '^aS^r M 
teducex the coefficient a 

mait^rix A (ekpicirided^^^t^^ 5:x 5); 

In this case/ no signil is applied to VDSy but the 
signiail ypd^ 



"a23" and "a43" of signals VD2 and VD4. Therefore, the 
beam spot oh the standard scaimijag line also 
illuminates* 

FIG. 21 shows another embodiment of an 
interference circuit 101 by ROM, ROM receives five 
video signals VDl, VD2, VD3, VD4, and VD5 
corresponding to beam spots 1, 2, 3, 4, and 5 from the 
printer controller 203 and a RES signal (4 bits in 
this example) related to a new resolution. The 
resolution of 480 dots per inch is commanded by the 
RES signal properly. Unlike the above-said embodiment , 
this embodiment can switch ; resolutions by the RES^^^^^;^^^^^^^^ 
signal iat any time during recording. 

In this ^embodiment :(t^^ 
dots per inch) , the video signal VD3 of vbl to VD5 
sent from the printer cpntrpll^ 

Subfiftantiaiiy only video signals vpi, VD2/: VD4, and 
VPS are f ed to ROM. : Subst^^ 

results pf calculations (output signals VDdl, vbd2v 



VDd3> and 



Vpd|4 ) of : ^11 possible coi^^ 



Vi<iep signals (VDl^ VD2, VD3 , and VI)4) and the RES 
signal in advance.^ 

A are also detemined experijnentallir in - the Similar 
manner as the abpve-^mentioned^^^e^ 

This eimbbdlment can record imagis data 207 at a 
resolution of 48b dots j)er inch directly on a 6bo-dpi 
engine 205. Here the resolution in the main scanning 
direKJtion will not be explained b^^ 
known that the resolution in the main scanning 
direction can be changed simply by changing th^ 
frequency of the pixel clock DCLK (in case of a laser 
printer). 

; ; In cpmparison to a^^^m^ changing resolutions 

(480 dpi to 600 dpi) of image data 207 by calculation, 
this method has various merits such; as cprre^ 
width/ no moire pattern in half rrtone m 
dotS/ and highr^ quality recorded M 
pojB^ible to combine i thisxembodii 

embodiment for correcting scanning line pitches by 
rewriting data of ROM of FIG. 14, FIG. 16, and FIG. 21. 

Below will be explained the other Mibodiments 
refe^rring to drawings. 

FIG. 38 fiihows a block diagram indicating t^ 
operatihg environment of an image recbrding 
according to the present inv The user cr^ktes 



mag^xdaia 4004 on: the^^^h^^ 



•it 



m 



10 



15 



20 



25 



Goniputer) 4001,; and sends it 
4002; 



controller 



Usually, most image data 4004! is page description 
data representing the content of a recorded page but 
part of imagie data can be raster data that can be 
directly fed to the laser printer 4003 . This 
eii±>odiment assumes that the most image da^^^ 
page description data, 
^^^^^^ 

from the host computer 4001 to the printer coritrbller 
4002 through a network and the likey read page by page 
by the printer controller 4002 and expanded into a 
raster image which is an array of 2^di^ 
data ion the bit-map memory. 

When creation of a raster image is completed/ the 
printer controller 4002 outputs a print request signal 
4005 to the laser printer 4003 to start the printer. 
In response to a BD (Beam Detection) signal 4008 from 
the laser printer 4003 /the printer controller 4002 
sends print data (print dot size^^ d 

laser printer 4003. The laser prihter 4003 forms an 
elect 3COS tat ic latent : image on the pho tosensit ive drum 
^nd the like according to the print data 4006, 
develops it:; wit 



■I- xr 



"i i» 



■:i!i:4: 



-x;;: :x;;;- :;x:;-:xX;:;;::::-t^ 

FIG. 3> is 
4002 of FIG. 3 

of an RIP (Ras 4009> i beam 

generation block: multi-leveling unit ) for laser 
fi driving signals, a signail corrector 4011 (m 



pprreqting unit) for laser driving signal s> and a 
printer interface block 4012. 

4004 which is page description data from the host 
computer 4001, expands it into a raster image arid 



be 



outputs it as multi-level image data 4013 which can 
'i) ■ represented with half tones . 

15 The beam synchronizer 403 0 receives multi-level 

^^^^ m 

4031 to the pulse-width modulator 4010 in sy^ 
with the BD signals 4008 for laser beams. 

The pulse-width modulator 4010 converts multi- 
20 level image data 4031 into multi-level print data (dot 
size d^ta) 4006 by modulating the widths of binary 
pulses (having hi.gh and low levels ) according to dot 
sizes 

the laser printer 4003 .The pulse-width modulator 

?5^^^ r^ 



to 
4010 



modiilating blocks ) as 

the laser xpr inter 4003 uses. I Accordingly/ there should 

■vbexa^-iiiiahy: :ipr^ 
beams* 

The printer int 0r face 4012 
signal 4005 to the laser printer 4003. It also : 
receives BD signals 4008 and generates pixel cl^ 
.4015. • 

' The printer ihterf ace 4012 outputs a be^a^^ 
correction command 4017 to the signal corrector to 
correct the: dispersion of image forming^^^l^^ 
when the correction mode is set. 

This beam error correction will be explained below 
referring to FIG 40. 

FIG. 40 is a block diagram of a printer controller 
4002 of FIG. 39 which receives im 
laser beams 

The pulse-width modulator 4010 contains as many 
pulse-width modulating blocks (hereinafter abbreviated 
as IWM) as laser beams used for scanning. They are^^^ 
first PWM 4048/ a second PWM 4049; a third PWM 4050/ 
and a fourth PWM 4051 .Thes 

blocks respectively modulate the pulse-widths of 
liulti-level image d^ 
0utt>ut the r^ 



signals) 4006-1 through 4006-4. 
w 

c onmia n d 4 017 

PWM4048 through PWM4051 outi>uts^^^^l 
5 4014-1 through 4014-4 for monitoriiig oh the bai^is of 
identical image These 
monitoring laser driving signals 4014-1 through 4014-4 
are equivalent to a kind of print da^^^^ 

4006- 4 and used to know the dispersion in the result 
10 of pulse^width modulation .^^^ I this kind of 

print data is different from the normal print data. 

The laser driving signals 4014-1^ t 
for monitoring are fed into the laser dri 
|i {I»P) 4040 through 4043 and into the corrector 4011* 

15 The corrector 4011 calculates the dispersion 

pulse-width modulation of the laser driving signals 
4014-1 through 4014-4 and corrects the laser driving 
signals 4006-1 through 4006-4 (to be used for image 
generation) according to this dispersion in 
20 width modulation. 

The print data (laser driving signals) 4006-1 
through 4006-4 and the light-quantity correctid 

4007- 1 through 400^-4 which is the output of the 
corrector 4011 are respective 



. t. J 
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ill' 



through: 14 ixespe 



light sources) 4044 through 



light 



sources ( laser 



4047. The LD 



light sources 



: : 4044 :thrpugh 404 

by the driving current II through 14 w 
5 As for the reia^^ 

drivers LD4640 through 4043 (the laser driving signals 
4006--I through 4006^4 and the ligh 
correction data 4007-1 through 4007-4) and outputs 
from the IJ) drivers LD4040 through 4043^^^ 
10 II through 14 to the LD light sources 4044 through 
4047), the light-quantity correction data 4007-1 
through 4007-4 controls the magn it u^^ 
: ; through: 14 (peak values of ^^ p^ 

supplied to the LD:^ i 047 ; 

15 The print data 4006-1 through 4006-4 determines the 
continuity periods (pulse widths )^^ :0 
through I4 supplied to the LD light sources 4044 
through 4047, 

FIG, 41 shows a block diagram of the corrector 
20 4011 of FIG. 40. 

The corrector 4011 consists of a target value 
setting :block 4020 r a nd^ 

4029/ a subtracting block 4021, and a light-quantity 

:-::::'::::-;:'::data:Gpnyertih^ 

: 25 This target value setting W 




of 



Hi 
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(pulses) 4014-^1 









through 4014-4 sent from PWM4 04 8 through PWM4051 in 



: the pulse-width m 

used for calculatibn of di^p^^^ in the pulse-width 

5^ m as 

a target modulation value (reference pulse-width 

modulation value) 4027 to the subtraction blocks 4021 • 

Although this example uses a laser driving signal 

having the greatest pulse width aimbng 
10 through 4014-4 as a target value^ the user can select 

a laser driving signal having any pulse width* 

The subtraction block 4021 takes a pulse-width 

difference between the target value and each 

monitorijig laser driving: signal (4014-1^^^^ 
15 4) and outputs the result {4023-1 to 4023-r4) to the 

light-quantity correction data converter. 

The minimum value detection block 4029 detects a 

monitoring laser driving signal having a m 

width among the signals (4014-1 through 4014-4) sent 
:20 from the pulse--width modulator 4010 and outputs it as 

a minimiim[ reference modulati^ 

4Q28 is used as a base of a^^t^^ 

signal for generation oi light-quantity correction ; 
data (to be explained in FIG. 49 ). 
25 The iight-<iuantity correction data ^ c^ 4022 
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receives the result;^ of subtractibn 4023-1 thrbugh 
' 4023-^4 iind the mtri 

and converts thea into light-quantity 
• 4007-1 through 4007-4- 
5 Referring to FIG. 42 the operation of the 

coirrector 4011 (for correct in^^ 
Tq signals) will be explained below. 

||^] 42 shows an pperatipnal flow of the corrector 



4011 (for correcting the laser driving signals) 



j^; 10 When the printer interface 4012 (illustrated in 



FIG, 40) issues a Dispersion Correct command 4017 (in 
Dispersion Correct mode) r the RIP (Raster image) 
expansion unit 4 O09 outputs identical image dat;a for 
''D monitoring to each PWM (4048 through 4051) in the 

15 pulse-width modulator 4010. 

The corrector 4011 fetches pulse-width modulation 
values (sometimes assigned codes 40 
for explanation) of the laser driving signals 4014-1 
through 4014-;4 based on isaid moni^^ 
20 which is output from the PWMs in the pulse-width 
modulator 4010. 

Hext the target value setting block 4020 selects 
one of monitoring piulse^width modu^^ 
^^^^^^^^^^^ t^ 



25 dif f erence b€?tweeh the value 4027 and 



each 



pulse-width modulation value 4014-1 through 4014-4/ 
then outputs :ligh^ 
through 40<)--4 : Corr^^ 
subtraction; This res 
dispersion of pulse wi^ 
4051) in the puls-width modulat^ 
dispersion is corrected by the light-quantity 
correction data 4007^1 through 4007-4; whic^^ 
the light power energy (for print dots) that the LD 
light sources 4044 through 4047 emit. 

Referring to FIG* A3, the above-explained 
operation for equalizing the light power energy will 
be explained in detail. 

FIGv 43 shows the relationship of ciri^ 
(modulation currents) supplied to the LD light sources 
4()44 to 4047 (illustrated in FIG. 43), their 
modulat:ion pulse widths (pulse-width modulation 
valueis), and sizes of dots printed in the main 
scanning direction. This example takes two^l^ 
source^ 4044 and 4045 among four LD light sources 4044 
to 4047. 

This example assumes that identical^ M 
image data 4013-1 and 4013-2 is fed^ PWM4048 and 
PWM4049 (illustrated in PIG. 40) and the outputs 
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and PWM4049 have^^^d^ pulse widths "pwl" and 

rpw2" (although they must b^^ 
befc>re; correction/ a driving current (module 
current )akshoWh in FIG ^43 (b) is fed to the LD 
light source 4044 and a driving current (m^ 
current) as shown in FIG. 43 (d) is fed to the LD 
light xsource: 4045 v : A^ 

advance to set the araplitudes (peak values) of the^^^^^ 
driving currents of the light Sfources 4044 and 4045^ t^^ 



■il 10 102. 



As the amplitudes 102 (peak values )^^^^o 
currents of the light sources 4044 and 4 04Sa^ 
identical, the LD light sources 4044 and 4045 have 
different light emission energies if their pulse 
15 widths are not equal (having a pulse diffe^^ 

:pw2 pwl):» xGonsequently, :the print dots have 
different sizes (dot size difference Aw = w2 - wl). 



namely to 
source 4044 



To correct the dot size^^d 
correct the print dot size of the LD light 
20 to ''w2" in FIG. 43/ the an^litude of the driving 

current of the LD light source 4044 is inbreasied to 
101. When the <^ 

increased to 101/ th^ characteristics curve of 
modulatibri ^ulse 
25 indicated by a :dot^ 
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:?% 

hi 



• ''if 

m 
m 



10 



15 



20 



modulation puise width^:^!^ 

size bf the LD iiqht source becomes w2. 

FIG, 44 shows a circuit diagram oi the target 
value setting block 4020 of FIG, 41. The target value 
setting block 4020 consists; of inverters 4061 to 4064, 
latches 4065 to 4068, composite gates 4069 to 4072, 
and an OR gate 4073. In the circuit of FIG. 44, the 
maximum pulse width of the monitoring laser 
signals 4014-1 to 4014-4 is selected as a target 
modulation value 4027. 

Referring to FIG. 4 5>t 
value setting block 4020 of FIG. 44 is explained below. 

FIG. 45 shows waveforms of signals of the target 
value setting block 4020 of FIG. 44. 

When identical 'image data SD is fed; as multi- 
iioaage data (4013-1 through 4013-4) to PWM4048 through 
PWM4051 (as shown in (a) of FIG. 45 ) , the mpni-toring 
laser driving signals (pulse-width mddulatibh values) 
4014-1 through 4014--4 are output a;s shown in (b|^ 
through (e). 

Here, the pulse widths of (b) to (e) are named pwl 
to pw4 Md^^^^^^ 
•pwl--< pw2'<:pw4.-. 

The output of the latch 4065 (f) is Q0^= (least 



25 



significant bit):; 



Ql = Oy and Q2; = 1 : (mipst 



bit) as the monitoring 

mbduliition values) 4014-2 to 4014r4 are sampled iat the : 
fall of the : first mbhi^^ 
(pulse width modulation^^^^^^ 
"101" is equivalent to "5" in decimal. 

Similarly, the output values of latches 4066 (g) 
through 4068 (i) are respectively "4," "5," and "6" in 
decimal . When the output of a latch has a value of " 0 " 
in decimal/ that is when QO through Q2 are all zeros, 
the output: bf a composite gate that entered this code 
"0*^ is determined as a target modulations 
Accordingly^ in FIG. 45/ the target pulse moduleition 
value 4027 is the input of the Gon^site gate: 4^ 
which the output of the latch 4068 is connected, that 
is> the monitoring laser driving signal 4 014--4^^;h 
. a- pulse' width pw4. 

FIG. 46 shows a circuit diagram of the subtraction 
block 4021 of FIG. 41. Elements 4100 to 4103 are 
exclusive OR gates. ; 

Referring to FIG. 47, the operation of the 
Subtraction block 4021 of FIG. 46 will be explained 
below.-: 

iitoge datai (4 
; IWM405 



laser dtiyihg signals ; (pulserwidth : modula^^ values ) 
4014-^1 through 4014-4 are putput^^a^^ 

through (e) . Here> t^^ to (e) are 

named pwl to pw4 and :thei^^ 
'•:by; -pw3 •<• pwi <':pw2 -.^i'.pw^;.' 

The target modulation^ V 
value setting block 4020 outputs (illustra^ 
41) is as shown b(f); Exclusive OR of 
modulation value 4027 (f) and respective pulse^ 
modulation values 4pi4rTl (b) through 
the differentiai pulse widths as sjhown^^^b^^^ 
subtraction values 4023-1 (g) to 4023-4 {j)^ 

FIG. 48 shows a block diagram of the light- 
quantity correction data converting block 4022 in 
corrector 4011 of FIG. 41« This block 4022 consists of 
t r ia ngul ar wave generators 40 80-1 through 4 0 8 0 - 4 > AND 
gates 4080 through 4084; sampling switches 4085 
through 4088/ hold capacitors 4089 through 4092/ OP 
amplif iers 4093 through 4096, anjd diodes^^ 4 
. 4118. 
^^^^ R^^ 

quantity correction data convert^ 
FIG. 48 will be explained below. 

^^^^^^ : W^^ 
from the printer int^ 



;-y8.7..:-;. 
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ill 
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ill- 
ill 
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ill 



10 



15 



20 



25 



gates 4080 through 4084 in the : I^^^ 
Gorrectibn data converting:^ M 

sampling gate isignals 41 li; ( j ) through 4114 (m) from 
the results of : subtracrtion 402^^^^^ 
(d) sent from; the su^^^ 

The triangular wave generators 408^^ 
4080-4 generate triangular waves 4110-1 through 41 
at the rises of subtraction values 4023-1 through 
4023-4 periodically at intervals of the minimum 
reference modulation value 4028 (e). 

The sampling switches 4085 through 4088 send the 
triangular signals 4110^1 through 4110-4 to the hold 
capacitors 4089 through 4092 to charge ther 
sampling gate signals 4111 (j) through 4114 (m). In 
other words^thei sampling switches 4085 through 4088 
allow triangular signals 4110-1 through 4110-4 to pass 
while the sampling gatte signals 4111 through 4114 are^ 
high;,' • ' • ■ 

The charge voltages of the hold capa^^^ 
through 4092 are impedance-converted into^^^^^^^ 
quantity correction data 4007^^ {q)> 
The correction values by the light-quanti^^^ 
data 4007^1 (n) through 4007-^4 (q) are^^ r 
V2, V3, and 0 in that order. x 

In thii^ yay; t^^ 



subtraction/ that isy th^^^ 

pulse yidthat between the monitbring driving signals 
4014-1 through 4014-4 and the target modulati value 
4027 are added to the light -quant ityeprrectipn data 
4007-1 through 4007-4, that is, the amplitudes (peak 
values) of the laser driving signals 4006-1 to 4006-4 
and converted into the inaghi^^ 
correction voltages • 

FIG. 50 shows a bloc 
detecting block 4029 of FIG. 41. The minimum value 
detecting block consists of inverters 4161 through 
4164, latches 4165 through 4168/ AND gates 4169 
through 4172, and an OR gate 4173. 

The pperation of detecting a minimum modulation 
value 4028 among pulse modulation values of the 
monitoring driving signals 4014-1 through 4014-4 is 
not explained here because it is the same as that of 
detecting a target modulation value 4027 in FIG. 44. 

FIG. 51 shows a block diagram of a pulse-width 
modulation block PWM4048 of FIG. 40. (The other pulse- 
width modulation blocks PWM4049 through PWM4051 have 
the same circuit configurate^ 
reference c loc k generator 4 2 1 3 > a delay cldc k 
generator 4201, a 

(ielay :c:iock selTCtor 4203,. a pulse generator- ;4 204, and 
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■ •a-.'-pulse .selector . ^2p5y , 

Referring to FIGV 52, the operation of PWM4 04 8 of 
FIG, 51 will be iexplained: 

The reference clock 4215 {(a); in FI^ 
5 obtained by dividing: the synchronizati 

clock 4015-1) of one pixel by 2. Namely, multi-level 

.|1 image datia 4013-1 ((y) in FIG. 52) is input in 

UJ ' ' 

m synchronism with a pixel clock 4015-1 ((x) in FIG. 52). 

.ill:-. 

The delay clock generator 4201 generates a 
j|) 10 plurality of delay blocks 4207 having different delay 



time petiods {(b) to (i) of FIG. 52). FIG. 52 shows : 
eight odd-numbered delay clocks (4207-^1/ 4207-3/ 4207- 
5/ •..) among 16 delay clockis that the delay block 
generator 4201 generates, "tl" to "t8" are delay time 
15 periods of the eight delay clocks 4207 ((b) to (i)) 
relatiVb to the reference clock 4215. : 

The delay time measuring block 4202 measures delay 
time periods of delay clocks 4207 by the input of a 
delay time measuring signal periodically or non- 
20 periodically such as at the startup of the device or 
just before iJBiage^^ 

measuring: block 4202 selects a delay clock 4207 to get 
a delay time equivalent to time "tO" of pne pixel at 
the rise (time Tl) of refereM clock; 4215 as a; I 

. • v: '::25,, " ■\/:6ampling ..clock 4234.. 
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In the exan^lev th^^^ 
4202 detects a delay^ 
clock 4207-13 (t7) which 
(froii 'VO" to ^ir I just; before 
this ^ the delay : time 

the delay clock 4207-11 (t^) is a delay clock to get a 

delay time equivalent to to '^ an^^ 

decimal) as a delay time measuring value 4208. 

The delay clock selector 4203 selects a desired 
number of delay clocks (among 16 delay clocks^^^^4^ 
generated) which are with 
value 4208; This nu^ 
according to the 

input image information or half- to^ 
output ; images • : ■ 

The example illustrated in the ^^d^^ 
outputs six delay c locks 4209 from the odd^ numbered 
buffer gates among delay clocks 4207-1 throng 
which are in the delay time mea^ value 4208 so 

that the differences of pulse widths of tte 
pulses 4210 may be approximately equal to each other^^^^ 
(strictly different judging from the characteristics 
of saiid buffer : gates ) »^^^^^T^^ delay clocks 42 Oi9> : ; 

the: user can select ^^s 



25 



of the ; generated puis es > 4 21 0 may he cons tan t 



in 
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additijon to the above method of selectlbrvv^^^^^^^^^^^;^^^^^^^^: ■ x 

The pulse generator 4204 performs logic^^ 
bperatio^is on the^^^r^^ 

selected delay clocks 4209 and generates six pulse 
5 signals 4210 ( ( j) to (6) in FIG. 52) )• 
The pulse selector 4205 rec 
S level) image d^ one of the six 



i|V generated puis (of 



aij : ze^ 

10 and outputs it as print data^^ 4 which is modulated 

(pulse-width irodulat^ the time base. 

In FIG. 52 ^ as the mult i~^^^^ 4013-1 ■ 

{ (y) in FIG* 52) is V2 " ( in decimal j during a tim^ 

period (TO t^^ 
15 generate 

becomes print data 4 ih FIG* 52)> Simiia^^^ 

X as the imiiti-^ 

is "5? (in dec iinal) during a time period (Tl to T2)r 

the pulse selector 4205 6 
20 4210-5:; i(n) in FI^^ 

■'■.400:6-^1 ^ 

^^^^^^^^^^^^^^ ; 

drive signals (p^lse^ w 

corresponding! to multi^-level i in a inuiti- 

25 beain system from thei dispers^i^ 
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• : modulation vialues Of th^ 

signals which a plurality of PWM4048^^ t^ 
iouti?ut by a; Dispersion iCprrect^^^^ 
light-quantity correction data to correct the: 

5,.- '■' dispersion. - *:::': 

:|r dots become equal to each other and the dispersion of 

\j% print dot sizes is eliminated according to image data. 



Consequently> high-quality mult i-rlevel images ^^^^^ be 
10 recorded in a multi-beam system. 
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ M 

in pulse-width modulation of the laser driving signals; ; 
: in a multi>:beam image^^r 

1^ correction of pulse peak values of the laser driving 

15: signals, the user can correct the dispersion of pulse- 
width modulation values by equalizing the pulse widths . 
Referring to FIG. 53 to FIG. 60; will be explained 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^ a^^ 

width modulation values of laser beams by correction 
20 of pulse widths 

FIG. 53 shows a block diagram of the printer 
controller 4002 of FIG^ 38 • The numbers and symbols in 
FIG. 53 to FIG. 60 are the same as those in FIG. 38 to 

• FIG.'52.. . x: , : ,'-^-y^ 

:25 : The^^d^ 



that the light -quantity correction data {corre^ 
pulse widths) 

corrector 4301 (substitutioh^^^f^ 

signal corrector 4011 of FIG*39) is fed to the 



4300 • 



width modu la t or ( mul t i - le vel ihg unit ) 

The pulse-rwidth modulator: ;4 
the light-quantity correction data which is^^^o 
from the corrector 4301 so as to correct the 
dispersion of pulse widths and converts the multi- 
level image data 4013: into print data^^^j^ 
signal) 4006 by pulse-width modulation. This 
correction is done to equalize pulse widths. 

T^^ 

of print data 4006 (laser driving signals) which are 
outpit^t f rom PWMs in the p^ 

the corrector 4301 fetches a plurality of monitoring 
pulse-rwidth modialation values 4014 (mpnitori 
driving signals) and converts them into a^^^ 
light-quantity correction data 4302 (pulse-^width 
correction data). 

PIGv 54 shows the block diagram of :t 
controller 4310 of FIG; 53 using four la^^ 

T^ 

as the laser beams. They are the first PWM^ 

second PWM 4304, the third PWM 4305; and the fourth 
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10 widths. 



PWM 4306 • The PWM4363 through PWM4 30 6 respectively 
convert mult i-ievel^: i^ 
: intb print data (lias^ 
,4006-4 ) ;: • ' 

: The mpni^ 
(monitoring laser driving signals) 40^^ 
4014-4 which are sent to the cor^^ 
functionally th0 same as print data 4006-^1 
but us ed for mon iter ing to get the d isper s ion of pu 1 s e 



Print data 4006-1 through 4006-4 are sent t 



corrector 4301 and at the same time to the LD drivers 
: 4040 thrbu 

I 4302-1 through 4302-4 output from the corrector 4301 

15 are respectively sent to PWM4303 through PWM4306* 

FIG^ 55 shows a functional block diagram of the 
corrector 4301 of FIG. 54. The corrector 4301 consists; 
of a target value detecting block 4020, a subtracting 
block 4021/ and a light-quantity^ 
20 4400. •• • 

The target value detecting block 4020 and the 
subtracting block 4021 are functional 
. : ': those, of : FIG. ':;41. -x 

^^^^^^^^^^^^^^^^^^ ; ; T 

x 25 converts :the^£ 
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: subtraction 40 

correction data 4 302r-l th^^ 
Correct coinmand 4017. 

^^^^^^^^^^^^^^^^^^^^^ M 
5 of the light-quantity coirr 
; of IFIG^ 5 

converter 4400 consists of four light-quantity 

jjj : : ; c^^ 

i]| All of these blocks 4401 through 4404 are of the same 

■ 10 conf iiguration. 



Each light-quantity correction data converting 
block consists of a counter 4435 ^ a latch 4450^ an AND 
; gate,; and an inverter 4441, 

Referring to FIG. 57, the operation of the light- 
15 quantity correction data converter of FIG^ 56 be 
^ : e 

: light-quantity: correction d^^ 
as an example. 

^^^^^^^^^^^^^^^^^^^^^^^^^ 

20 from the printer interface of FIG* 40, the AND gate 
4443; in the: li^htrquantity Gorre^ 

block 4401 creates a Count Enable signal 4444 from the 
results of subtraction 4023H-i :(g) 

subtracting block. The counter 4435 counts the fine 
25 clocks 4 430r-l : while 
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'l** using the target mpdula^^^ 



Theicount 



signal and outputs the count value 4440 

data 4302-1 of; PIG. 54. 
5 In this way ^ the magnitude of the result of 

siibti^actibh/ that is, a difference between the target 
*|i modulation value 4027 and the pulse width of a 

ijv^^ : m 

I ^' : 4 ) is converted into the light-quantity correction 

■15 1 ■ ■ ■ ■ , ' * ' • • 

;j( 10 data, that is, the magnitude of a light-quantity 

j!,^ correction time (count of correction pulse widths ) . 

. '^T.-- ....... r. . ......... . r. ... rr.-.rr.rr.-r.-.-.^ 

The other light-quantity correction data 
converting blocks 4402 through 4404 perform the same 

'■V • function.:' 



15 FIG. 58 Shows a functional block diagram of 

PWM4303 which is one of the components of the pulse- 
width modulator 4630 of FIG. 54. FIG. 58 has a delay 
time selecting block 4420, a fine clbck generating 
block 4460, and an inverter 4465 in addition to FIG. 41. 

20 FIG* 59 shows a functional block diagram of the 

(Jelay time selecting block; 4420. It consists o 
gates 4471 through 4480 and a selector 4495. 

Referring to FIG. 60, the operation of PWM43p3 of 
FIG. 58 will be explained below. 

2^ T?^* 60 shbvs the wavefora^ of operations of ; 
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PWM4303 of FIGv 58 an^ 
and FIG; 52 is that the invert 
(p) and the correction refe 
added ahd that the generation pulses ^^^4^^ 
5 have different pulse widths* 

The inverter 4465 inverts^ t^ 
(a) into: an inverted reference clock 4466 (p). The 
delay time seiecting block 4420 delays the i^^ 
reference clock 4466 (p) by a time period "tlO" 
10 according to the light-rquantity 

and generates a correction reference clock 4470. 

This function is executed by the selector 4495 of 
FIGv59v The pulse generator 4204 creates gene^ 
pulses 4210 (j) to (o) from the correction reference 
15 clock 4470 and the selection delay clock 4209* JVs the 
time difference: "til 

(a) and the correction reference clock 4470 (q) is 
eqiiiyalent to the result of subtraction 4023-1 (g) of 
FIG^57/ the generated pulse has the pulses 
20 increased by "til- of FIG, 60 by this correction. 
This embodiment also^^^g^^ 

1^ 

acdordiiig to multirleyel^^^^^^ 
s^ 

25 (pulBe^width Gor^ 
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dispersion. With this; poiw^^ 
prijit dots are ^gualized and cons^ 



pr int dots are cor rec t ed 



and formed acGdrding to the 
image data Thus high-qua^I 

be obtained: iji thei multi^ systeia> 
The other embodiment of the present invention is 
illustrated in FI<3- 61 and FIG. 62. 
: FXG^ 62 

modulation device 4010 and the laser prin^ 
10 FIG. 61. This example uses four laser bearaktb scan V 
In FIG. 61 > the printer controller 4002 consists 

: : of : an: RIF^^ 

generator 5000^ a beam synchronizer 4030, a pulse- 
width modulator 4010/ a signal corrector 4011, an 
15 image clock selector 5001, a pispersibn Correct 
command generator 5002 and^^ a 

The RIP expansion unit 4009 receives^^^i^ 

4001> expands it page by page into a rast^ 

20^^ 

it as multi-level image data 
with : half ^^^^^ 
; The: b 

^:^^^^^ 1 

25 (BDr-1 through BD^4 V^ 6^^ 
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15 



20 



outputs the resulting signals (m^^ 

D3-i through D3^4) to the pulse--^width moddlatibh 

device 4010. 

: The pulse-width iiU5du^ 
pulse-widthsyof the image data^ p^ 
outputs the resulting pulses as print dat^^ 
through p4-4 to the laser printer 4003 .^^^^ T^^ 
width modulator 4010 requires as 
(pulse-width modulating bloc 

the number of laser beams which the laser printer 
uses.. 

^ : : :W 

the corrector 4011 gets light-quantity correction data^ 
(pulse width correction values ) of through 
PWM4051 (as explained later) and outputs the res 
signals to the pulse-width modulator 4010 : 

When receiving a^^^^^^ 
the image clock selector 5^^^^ 

clocks PCKl through PGK4 sent from the printer^ 
interface 4012 Md outputs t^ 



the selected 



25 



imagie clocks SPCK to the be£^^ 
synchronizer 4030 and to the pulse-width mo 

;4oio..;:':::: . 

The Dispersion Correct: coi^ 
outputs a D ispers io h Cor rec t command BC when the 
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de vie je is powered on or when : a D is per s ion Cdrr ec t 
c6inmahd requesting signal BCI^ 

outside,:-' • ■ • 

signal PREQ to the laser printer 4003 .^^^^^ 
when receiving a b earn det ec t io n signa 1 BD > t he printer 
interface 4012 isolates beam synchronization s^^^ 
BD-1 through BD-4 from the beam detection signal BD 
and generates linage: clocks PCK in s with the 

beam synchronization signals BD--1 through BD-«-4^. 

The laser printer 4003 receives the m^^^ 
print data D4-1 to D4-4 from the: pulse-rwidtb^^^^^^ 
4010 (as illustrated in FIG, 62 ) and supplies d^ 
currents il thirough 14 to the laser diodes 
through 4047 • 

FIG. 63 shows a functional block diagram of ^^^^^^^^^^^^^ 
PWM4048. • 

In FIG, 6i3, PWM4048 CO 
generator 4213> a delay clock generator ^^^^4 
time measuring block 4202> a delay clpck^^ s 
a pulse generator 4204; a pulse selector 4205 an^^ 
fine clock generator 4430, 

:: The reference clock generator 4213^^^ r^ 
clock: PGKtI and gene^ 



The delay 



clock generator 4201 XTOeives the 



ref erence clock SCK and generates : a a ip^ 
delay; clocks DCK havi^ 

MES/ the del^y time measur 
delay time of each de 
non-periodically when he device sta 



bef pre iinage: formation. 



?| The^ d 



delay clock SDGK depending upon the result of 



10 measurement DLT from the delay clocks DCK. 



0- 
ill 

m 

.-.•Ak-.-. :■: 

•II of pulses GPW 



The pulse generator 4204 performs^ i^^ 
operations on the reference clock and a plurality of 
selected delay clocks: SDCK and generates a plu 



15 The pulse selector 4205 receives mult ir level image 

^^^^^^^ d^ 

pulses GPW/ an all-white pulse sig^ 
and an ailrbiack: pulse signal^ I 
outputs it as print data APW which is modulated 
20 (pulse-width modulated) along the time base. 

The pulse-width €idjuster 5003 consists 0f ten 
serially-connected buff er g^^ elements) 4:471 

through 4480 as iliustratexi^^ 

ad^j^^ outputs APW- 1 through 

25 APW-10 from the delay ele^ 
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aiGGording to the correction PC- 1/ 

changes the pulse WW 
■x-.. geherjate's : print: .data; :D4'-i'. - • 

FIGi 65 shows another embodim^^^ 

■5. • '.•4011. ■■• 

In FIG. 65, this corrector 4011 consists of a 
target value: setting block 4020 , a subtracting block 
4021, and a light ^quantity data converting block 4400. 
The target value setting block 4020 selects ( sets ) , 

10 as a reference pulse width, one of print data D4-1 

through D4-4 sent from PWM4303 thrpugh PWM4306 in the 
pulse-width modulator 4010 and outputs it as a target 
modulation value TPW to the subtraction block 4021 and 
to the light-quantity correction data converting block 

15 440Oi 

greatest pulse width among print data D4-1 through p4- 
4 as a target value, the user can select print data 
having any pulse width. 

The subtraction block 4021 takes a pulse-width 
20 differience between the target modulation value and 
print data D4-1 through D4-4 and outputs the result 
(DPW-1 through DPW-4 ) to the light-quantity corf ^wction 

• ' ' data converter. 

: 

25 the light-quantity correction data converter 4400 
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dphVerts 'the res^ 



subttaiitijc^p 
4 into light-quantity 

In this way> thei^ 
04-1 through D4-4 from PWM4303 through PWM4306 in the 
pulse-width modulator 4010 and gets a plurality of 
light-quantity correction data PC-1 through PC-4 
(pulse-width correction data) ♦ 

FIG. 66 showiB the block diagram of the pixel clock 

selector 5001. 

The pixel clock selector 5001 consists of four 

selectors 4495-1 through 4495-4. During normal 
printing, the pixel clock selector 5001 receives pixel 
clocks PCK-1 through PCK-4 sent from the printer 
interface 4012 and outputs the selected pi^ 
SPCK-1 through SPCK-4. Upon receipt of a Dispersion 
Correct conimand BC, the selectors 4495-1 through 4495- 
4 respectively select pixel clocks PCK-1 and outputs 
the selected pixel clocks SPCK-1 thfough SPCK-4 (= 
PCK-1 ) . 

Then the operation will be explained below. 
First signal operations for normal printing will 



be 



explained referring 



The iacLage : data 



to FIG. 67, 



pi created by the host d0 



25 



4001 i is sent to the rip; 



^104 



111: 
m 
■ii 

4) 



rietworkbr the like/: 

The RIP exE>ansion unit 4009 receives image data Dl 
which is £>age: description data^ expands it page by 
page into a raster imag 
5 dimensional image data and stored it as multirlevel 
image data D2 which can be eagres sed with half-tones. 
When the multi-level image iiata D2 is stored in the 
RIP expansion unit ;4009, the printer interface 4012 
sends a print-request sigiial PREQ to the laser printer 
10 When receiving this signal PREQ, the laser printer 

4003 outputs a beam detection signal BD ( illustrated 
in FIG. 67 (a) ) . 

When receiving a beam detection signal BD, the 
: printer i interface 4012 separates beam detection 
15 signals BD-1 through BD-4 as illustrated in FIG. 67 
(b), (e), (h), and (k), outputs the signals and 
generates pixel clocks PCK-1 through PCK-4 
(illustrated in Fid. 67 (c), (f), (i), and (1) of PIG. 
67 ) in synchronism with the beam detection signals BD- 
20 1 through BD-4. 

FIG. 67 shows the relationship of beam detection 
signals BD^l through BD-4 of the laser printer 4003 , 
image data D4-1 through D4-4 from the piilse-^idth 
modulator 4 dip/ and pixel blocks ppK-rl through PCK-4. 
25 Substantially, ; the printer interface 4012 ■ 
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15 



20 



25 



generates the first pixel clock PCK^l with a delay "t" 
after the firsts 
separated frbmt^ 
generates the f^^ 



with 



the first piicel clock PCK- 
S imilar ly r the printer interface 40 12 



the s econd im^ge data p 4 - 2 in 



syhchrpnism 



g^^herates 



with 



s ec bhd beam det ed t ion is ignal BD - 2 > the t bird 



data 



D4 3 in sy nchrphism 
signal BD-3, 
synchtbnism 



the 



image 
detection 



with the third beam^ 
and the fourth image data D4 -4 i^^ 
with the fourth beam 
The synchronism of beam detection signals BD-l 
BD-4 with image data D4^^^^ through D4-4 in the 
above explahatid^ 
ignored : s ubstahtially . 

printingr the pispersion 
p is per s ion Cor r ec t command. 



through 



Usual ly during normal 



Correct command 



BC of 



the 



clock selector 



block 6 is at level «0'v and the pixesl 
5001 ptltputs p 
syhchrohiism with 
thTOugh BD-4 a^ 
';thr6ugh::-$PCI<--4:..:.x 
the beam syh^ 
image data P2 from the RIP expansi^ 



the image data to be 



in synchronism with beam 



detection signals BD-l through i>y the sele^^^ 
pixel clocks SPCK-I through SPCK-4, and outputs the 
resulting Signals { mult i- level iinage sigfnals D3-1 : 
through D3- 4) to the pulse-width modvilator 4010. 

As the pulse-width dispersion is corrected by the 
Corrector 4011/ the pulse-width modulator 4010 
converts the multi-level iiaage data b3-l through! D3-4 
into the pulse-width-modulated print data D4-1 through 
D4-4 and outputs the resulting signals to the laser 
printer 4003. With the print data D4-1 through D4 -4 
withbUt dis^rsidii in puls^^ 
40O3 can print with uniform print dot sizes • 

Referring to PIG. 68 and FIG. 69 , will be 
explained a method of correcting the pulse-width 
dispersion of the pulse-width modulator 4010. 

For correction of a pulse-width dispersion/ the 
Dispersion Correct command block : 5002 sub 
Dispersion Correct command BC of "1." The Dispersion 
Correct command generator 5002 outputs a Dispersion 
Correct command BC when the device isf powered on or 
when a pispersion>:C6rrect ccMo^ 
BCREQ is entered from the outside . 
^^^^^^ : 

the laser printer, the laser priiiter 4003 sends a beam 
detection signal iBD to the print^r^ i 
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printer interface generates pixel clocks PCK-1 through 
PCK-4 as well as in the normal printing operat:ion. 

^^^^^^^^^^^^^^^^^^^^^^^ 

Dispersion Correct command BC is at level "1" and 
5 consequently all selected pixel clocks SPCK-i through 
SPCK-4 from the pixel clock selector 5001 are equal to 
the first pixel clock PCK^l as Illustrated in FIG- 68 

The correction data D6 generated by the correction 

10 data generating block 5000 in response to the 

Dispersion Correct command BC is output to the beam 
synchronizer 4030 to; stop the multi-level image data 
b2 from the RIP expansion unit 4009. 

The beam synchronizer 4030 oxitputs multi-level 

15 image data D3 (correction data D6) in synchronism with 
the firsft pixel clock PCK-1 as illustrated in FIG. 68 
(b). Similarly, PWM4303 through PWM4306 outputs D4-1 
through P4 -4 in synchronism with the first pixel clock 
PCK-1 as illustrated in FIG. 68 (c) through (f). 

20 As explained above, the pulse-width dispersion can 

be corrected by D4-1 through D4-4 output from PWM4 3 03 
through PWM4306 in isynchrohism wit^ any of the pixel 
clocks PCKrl througli PCK-4. 

Although print data D4 is output also when the 

25 pulse-width dispersion is corrected^ printing Is not 
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done aiB the Print Request signal 
the laser printer 4003:; 
fts iliustrated in FIG^ 



PREQ is not fed to 



data 



d4 



-1 through D 4 --4 



through 



through (f)> print 



have d if f er^ht puis e widths pwl 
pw4 • This operation and cbrirection according 
to present invention w referring to 

PIG* 70/ 



FIG. 70 



is 



PWM4303 
PWM4303 



charaGteristic graph representing the 



of muiti-^levei 



imaige datja 



P3 fed: to 



through PWM43 06; pri 



through PWM4 306 and sizes 



s cann ing direc t ion : wh ic h: air e : : pr inted 



on 



the 



maxn 



the retcprding 



s heet by LD 1 ight [ sour c es 4 04 4 t hrpu tjh 4 04 7 



As 



the number! 



xncreases 



of 



PWMs in the pu 1 s e-widt h modula tor 



the relations; hip : between the 



multi-^level 



image data D 3 at nd the pr int data D 4 changes as 



il lus t r a t ed in FIG w 



70. 



For exampl e / when 



mohitor image data SDl is 



entered as multi-^leyel image dat pulse-width 



moduiat ion valu es 



(print data) D4-i through 



output from PWM4 303 th^ 



pwl 



D4-4 



pulse-widths 



through pw4 > As the resu 1 1 > pr in t s ize^ ai e^ 
through W4. 

Accor d ihg x to the pr es ent 



invention. 



width 



pw4 of the pui s e-widt h modu 1 at Ion 



the pulse 
value d4-^1 



^109 



a target: 



output from PWM4 3 0 6 is s (et to 
value (referencse pul 
correction data PG- It hro^ 



pw2i 



- pwl> " "pw4 
the print dp t s ize W4 
gener a t ing the light - 



and 
can 



10 



aecbrding to different 
5 "pw4 - pw3 • In : other words, 
be set for any laser beam by 
quantity correctioa^^^^^^ 
»pw4 pwl, " "pw4 - pw2;" and "pw4 - pw3f" may be 0 (by 
equalizing the pulse 

Although FIG* 70 assumes that multi-levels 
data D3 is linearly proportional to pr 
this correct ion method is a Iso applicable when the 



and 



15: 



20 



relationship between mult i-r level image data D3 
print data D4 is curved 

The above pulse-width dispersion correction will 
be explained in detail referring to FIG. 68. 

the pulse-width modulator receives multi-1 
data D3 (illustrated in FIG. 68 (b) ) in synchronism 
with the pixel clock SPCK-1 ( illustrated in FIG. 68 
(a) ) and outputs prijnt data D4-1 through D4-4 
(illustrated in FIG. 68 (c) through (f ) ) in 
synchronism with the pixel clock SPCK- 1 . 
The target value sett ing^^ W 



selects one of 



25 p^ 
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IW14048 through Pim 

4010 is a reference^^ 

dispersions in the: pulse-rwidth i^^ 

this :as a target modulation value TPW^ I^ 

puise--width nuDdul to the subtraction block 

4021 and to the light-quantity correction data 

converting block 4400. 

FIGi 68 uses the print data D4-4 (illustrated in 
FIG. 68 (g)) having the greatest pul 
print data D4-1 through D4^i as a target value 
^^^^^ : 

width as a target value TPW. 

The subtracting block 4021 takes a pulse-width 
difference between the target value 
data D4--1 through D4-4 and oUtputs^^ t 
to DPw-4 (illustrated in FIG. SB (h) to (k)) to the 
light-quantity correction data converter. 
: : In this ; way / the^^^^^ 

subtraction> that iS/ the size of the pulse-width 
difference between the target value TPW and^^^^e^ 
data D 4 - i through D4 -4 is converted into the inagnit ude 
of the lightT^quantity correction^ d 

magn itude ot the 1 ight -qua nt ity co rr ec tion t inie periods 

: :;The operation of 
D4-1 by this light-quant 



m 
fir 

ill 
'si 



:be: ^icpi'aihedibel<>W.-:ih 
The reference ci 
pbtained by dividing the pi^ 



PIG. 69 
DCK-3; 



shows eight pdd^nunibered de 
DCK-5> among 16 ::d 



X delay clock genierator 4201 generates; 
FIG. .69) ♦ 

: x: : The delay time measuring b^ 

time periods of delay clocks DCK by the input of a 

10 delay time measuring Gojnmand signals 

or non-periodically such ais at the startup of the 
device or just before image formation. Namely, the 
delay time measuring block 4202 selects ad 
DCK to get a delay time equivalent to time '?t0" of one 

15 pixel: at the rise ( time Tl)^:^ b 
a sampling clock 4234. 

; : In the examplev^^^ 

4202 detects a delay clock bCK-11 (t6) and at delay 
: clock DCKrTl3 (t7 ) which^ c 

20 (from "1" to "0") just before or after time Tl. With 
thisv the delay time^ 

the delay clock DCK- 11 (t6) is a delay clock to get a 
delay tim^e equivalent to rt^^ and outputs 'Mi ( in 
decimal) as a delayf tme measur^ value 4208^. 

25^^^^^^^^^^^^^^^^ : : T^ 
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nuniber 
gerieiraitesid ) which 
value DLT. This 
according > to It he 
input image 



b f delay cloc fcs ( among 



are 



16 



delay 



within 



the delay 



tiiocks 



huiaher of deliay 
maximum tones ( reso lu t ion ) of 
information or half r tbiies required 



Glocks DC^^ 
time measurement 
iis X det ermin^ 
the 



output images , 



The 



by 



ex 



illustrated in 



outputs six delay 



the drawing s e lect s and 



clocks SDCK from the odd-numbered 



11 



buffer gates among delay clocks DGK-lt 
which are in the delay time measurement value DLT so 
that thej differences of pulse widths of the : generated 



jpulses GPW may be app 

(as illustrated in PIG^ 69 (p) through (u)^) 



To 



other 



select 



select delay clocJcs SfieK; the user^^^c^ 
so that the ratio of pulse widths of the generated 
pu 1 s es GPW may be cons tan t in add it ion to the above 
method of selection ♦ 



The 



pulse 



generator 4204 performs 



logical 



operations on this reference clock SGK and the 



Six 



selected 



delay clocks SDGK and generates six pul 
signals GPW- 1 through GPW-6 ( (p) to (u) in PIG. 69) ) . 

T^ 

level ) X image data D3 - 1 # s e 1 ec t s one : of the s ix 



generated pu Is e 



(of 



all 



signals 4210 



zeros ) 



ahd 



an 



an 
ail 



-black 



all--whit e puis e 



pulse 



signal 



m 
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(of all ones) and putjpiit^ 
is inbdulat 
base* 



In FIG • 69^ 

in FIG ♦ 69) is 



as priJtit i d 

along 



APW 
the 



as the multi-leyel^^ i^ 



which 
time 



D3 



-1 



((b) 



period 



during a time 
4205 outputs a 

69 ) ♦ The signal 
Siiiilariy 



as 



2^' ( in decimal ) 
(TO to Tl)^ the pulse selector 
generated pulse GPW-2 ((g) in FIG 
becomes print data APW ( (c) in FIG. 69) . 
the multi-level image data D3-1 ((b) in FIG* 69) is 
"5" (in decimal) during a time period (Tl to T2 ) , the 
pulse selector 4205 outputs^ a 

((t) in FIG, 69). The signal becomes print data APW. 
The pulse Width ad justing block 5003 delays print 



data APW-1 ((c) in FIG. 



69) by at time peripd siet 
the light-quantity correction data PC-1 and generates 
delayed print data DAPW ( ( e) in FIGr. 69 ) . The selector 
4495 of FIG. 64 executes this function. 

Accordingly, as the time differences ^' til" and 
"tl2- between the print data APW ((c) in FIG. 69) and 
the reference clock SGK are equivalent to the result 
of subtraction PPW~1 ((h) 69 ), the generated 

print data D4-1 has the pulse width increased by " tl 1 " 



and «tl2" ((e) 



in FIG. 69) by thi 



In 



this way; the 



xn a 



inulti-^l^am^: 



pulse-width cprrection is 



device 



by 



'it. 

hi 
■ill 



ili 
■ If 



sir: 
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•11 



modulating: p^^ 

the PWM pulse ^ene^ 

dispeir^sipn/ ; aid CO 

this dispersion. This equalizes power energies pi 
laser; beams forming pi^int dots arid cpnseiguentlY 



enables high-quality 
Further r as this 



:ij!iagexprii>tijtig.- y:-:. 
laethod uses the pulse-width of 
one of pulse signals (print data) output from the PWMs 
as the reference pulse width ^ the user need not 
10 provide an extra unit to set a reference pulse-width • 
Further, the user can cause a plurality of pvms to 
perform pulse-width modulation in synchronism, that is, 
to restrict pulse-width modulation just by selecting a 

; ■ pixel clock>- • : ' 

15 Further/ another embodiment of the present 

invention will be explained below referring to 
. drawings* 

FIG. 71 shows the functional blocK diagram of the 
printer systCTfl according to the present ^^^^ 
20 printer system consists of a printer controller 6001 
: for controlling the who^^^^ 

6005 by which the user makes instruptions , main 
storage block! 6002 storing information which the 
^irinter bpntroller 6001 requires, a printer engine 
25 6003 having nlase^ 
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beam-dettection si^na^^ 

6003 outputs when det^ 

signal ppslttbn controii^^ 

positions of beam detect io^^ 
5 : :multi-ievel -image data 6006 (n data lines ) , an Engine • 

control signail 6007 which the vises to 

control the printer engine, beam detection signals 

6009 controlled by the signal position controller 6004 

control signals 6011 which the contiroller 6001 uses to 
10 control the laser beam detection position 

6004>: and user-set position control signal 

is stored in the main storage 6002* 
^^^^ : > T^^ 

having basic areas in which a basic pattern 6101 is 

15 repeated ! by an arbitrary : number of tm 

and subsidiary scanning directions. The basic pattern 
is characterized in that a pattern having 
(where "ri? and "m" are integers) in the subsidiary 
scanning direction and any number of dots ^^ i^^ 

20 scanning line is repeated twice or more in succession, 
that their boundary is moved one dot leftwar ; 
:rightward> and both i 

and that upper and Ibwer^^b 

piade up by all possible combinations of beaids. 
25 : FIG; 79 shbws ohe^':^^ 
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2:^iaser: linage record!^ 
The basic pattern 6101 repeats a 2 x 2 t?ntt: 
pattern (2 dots in the; 

aiid 2 dots in the main scanning direction) five times 
in the subsidiary scanning dif^^ 
pattern mbved leftward or rightward (in the main 
scanning direction) by one dot for each subsidiary 
scanning. 

A line 6105 in FIG. 79 is a beam detection signal 
A line drawn by image data A 6006-1 corresponding to a 
beam detection signal A 6008-1. Similarly ^ a line 6106 
in FIG. 79 is a beam detection signal B line drawn by 
image data B 600 6r- 2 corresponding t^^ 
signal B 6008-2; FIG^ 81 (2 

of the basic pattern 6101 made by repeating the beam 
detection signal A 6008-1 and the beam detection 
signal B 6008-2 at preset intervals of tbd as 
illustrated in FIG. iatl (1). 

FIG. 82 shows a printout exan^le of the basic 
pattern 6101 made by repeating beam detection signals 
A and B while the beam detection signal B 6P08^2 is 



delayed by A tbd (Relative tb the p^^ 

As illusftrated in FIG. 82 (1)^ the image deviation 



) 



6102 is made -by a 
the image data >^ 6006 



(A :tbd/T) of a line 

due to a delay (A 'tlid) by : 
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ill 

ill 



m 



which the rise position of : t^^ is 
behind the original rise th^ signal 

• • ■ ;6008-2-. l.-'v^ 

This printout image 6108 : is hot symmetrical 

; a 

vertical line. Although it is hard to estimate the 
deviation, the user caii recognize it easily because 
the left side of the pattern looks smooth but the 
other side of the pattern looks jagged. 

10 FIG. 83 (1) shows the waveforms of beam detect-ion 

signals A 6008-1 and B 6008-2 in which the beam 
detection signal B 6008-2 rises earlier by A tbd than 
the preset rise timing tbd. As illustrated in FIG. 83 
( 1 ), the image deviatibn 6102 is; made by a time 

15 difference (A tbd/T) of a line drawn by the image data 
B 6006-2 due to a tiihe (A tbd) by which the rise 
position 6100 of the actual signal 6008-2 ib before 
the original rise position 6099 of the signal 6008-2. 
This printout image 6109 is not symmetrical 

20 although the basic pattern is symmetrical 

vertical line. Although it is hard to estimate the 
deviation> the user ^ M 

the right side of the pattern looks smooth but the 

ix-x^-'y^xlother;^^ 

25 Judging from which side of the pattern is jagged r 
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the user can easily tell a^^^ 
pattex:n is moved. For 
the pattern is more^^: 

beam detection signal B 6008-2 rises earlier. To 
correct this , : the beam detectibii signal B 6pO!B-2 ; 
should be delayed. Gbntriarily, when the right side of 
the pattern is more jagged/ it is assiimed that thf 
beam detection signal A 60G8-1 rises ea^^^^ To 
correct this, the beam detection signal A 6008-1 
should be delayed. 

fts explained above/ the deviation and the 
direction of deviation of beam detection signal^ 6008 
can be Imown simply from printouts of bas^i^^ 

•6101.'': 

FIG; 80 -shows datai of a te^t^^c^ 
present invention. 

The test chart u^^^^ 
consists of a: plurality of basic: areas^^ e 
contains 20 basic patterns 6101 in the main scanning 
dir^tion* The number of basic patterns 6101 ip the 
basic area ne^d not be 20. The basic area can c^^^ 
:as ioaany; bas 

As said basic pattern 6101 occupies 10 dots in the 
subsidiary scanning direction, the basic area is m^ 



up 



by 



16 iih^s 



including upper a^ 



chart are resp^ctivel^^^ 

identifiers 6104 for identification; Aii identifier 
6104 is plalced besiore each^ 

As the basic area of thiis example is made : up by a 
total of 16 lines> either the beam detect ioa 
6008t-1 or beam detection signal B 6008-2 should be 
delayed in sequence for every 16 lines to test line 
deviations ^ Let * s assume that 
«d. " This example delays the be^^ 
explained below. 

For the first basic area (16 liines) 6110, neither 
beam detection signai A 6008-^1 nor ^^b 
signal B 6008-^2 is delayedv 

(16 lines) 61 il, the beam detection signal A 6008-1 i^ 
delayed by —d" but the beam detection sigiijal B 6008-2 
is not delayed. For the third basic area 6112, the 
beam detection signal A 6008-1 is delayed by >*2d" but 
the beeun detection signal B 6008-2 is not delayed. 
In this way, for each of the succeeding basic 
areas (6113> 6114/ •..), the beam detection signal A 
6008-rl is delayediby '•n X d" (wherein "n" is 3, 4, 
5, • • • ) but the beam detection signal B 6008-2 is not 
delayed- This is repeated until the beain deiectipn 
signal A 6008^1 is delay€!d^:^f 
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above steps revers ihg beaioi 



detection signals. Namely^ 



ni 



the beam detection signa^^^ k 
> :d" but the beam^ 
delayed • 
5 ; This example assuni^^ 
clock is 32 ns and th^^ 

position error is 1/6 dot* In this case^ 1/6 dot is 
equivalent to ab6ut 5 ;3hs 
delay '^dr 

10 example uses M == 2 ns*^ and deviate&^^ t 
: cycle (i) of one pixel clock unde 
T / d is 16> this^^^e 

positions for one beam detection signals 
: Therefore ^t 

15 beam detection signal A 6008-1 is i^^ 

; beam djetection signal B 6008-2 and o^^^ cases in : 

of the beam detection signal A: 6008-1. ihis is the 

reason why the test chart has 32 basic areas . 
20 In other words, basic areas of identif 

1: to 16 are for cases in which the beam detection 

signal : A 6008^1 is in advance of ^t^ 

signal B 6008-2 ; For each ; of these 
^^^^^^^ d^ 

:25 2 ns; with the b)^^ 
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uhchaiiged 



delayed by the 



(uritii the 



cycle 
basic 



beiaxa detec t ion 



pixel clppk) 



signal A 



60Q8-I 



xs 



17 



to 



of one 

areas of identifiers 
32 are for cas es in wh ich t h<e beam detection s ignal B 
6008-2 is in advance of the beam detect 
6008i-lv For each of the^^ / the beam detection 

signal B 6008-2 is delayed by a multiple of 2 ns with 
the beam detection signal A 6008 
(until the beam detection signal B 6008-2 is delay 
by the cycle of one pixel clock) . 

The user can always find an optimum case in which 
the amount of pK>sitional deviation^ i^ 
the above! 32 cases • 

The c ircu i t con f igura tion and the opera t ion of the 
laser beam detection posi 
explained below referring to FIG. 72. 

The delay time controller A 6034 sen 
dete3n3u.ning signal A 6017 to the beam det^ 
delay circuit A 6030 according 
control ler cont rol s ignal 6011 and the us er ^ se t 



position control signal 6012. 



The beam detect ion 



signal delay circuit A €030 delays oi^^ 



beam 



debtee t ion s igf nal s ( A 6008-1 in 



this ekainples) by a 



preset tim^e per 



det eminihg s ignal 



A 6017 and 



outputs; a cbht roiled 



:- 122 - 



: r * 



10 



15 



20 



25 



B 6068 sends 



laser beam detection signal A 6009- 
: : Similariy;^^ t^^ 
a position: deteirmini^ 
detection signal delay circuit B 60 

^sition controller contrbl signal 6011 and the user- 
set position control signal 6012v 

: The beaid: detection sx 
delays the other beam detection signal {B 6008-2^^^i 
this example) by a preset time period: according to th^ 
entered position determining signal B 6026 and outputs 
a cbntroiled laser beam detection signal B 6009-2 . 

Basically; the circuits A and B in t 
detection position controller 
vthe same. Accordingly only circu^^^ 
controller 6004 are explained as representatives. 

Referring to FIG; 73 is explained thb delay ^^^t^ 
controller A 6034. 

In FIG^ 73, the delay time contra A 6034 
consists of a Variable Position 

6035> a Fixed Position signal generator A 6036, and^^a^ 
position signal selector A 6050* ^ 

The operation of these circuits is explained^b^ 
: : A - signal 6011 



Gontrol signal : 6011 cind 



at binary Posit ibn Te^t On 



signal which is •'I'^^^^ i^^ 



ill 

J u 



■,-3J.- 
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15 



20 



25 



6011-2 



xs 



^123 



signal 



indicating 



and 



a 



print 



6035 
iwhbse 



rise 



outputs it 



The Fixed 



biiiairy 

area in the subisidiarY sc^ 

The Variable 
generates a yaria^^ 

position i is changed at a pr es et timing 
to the position signal - selector A^^^^^ 
Pos it ibii s ighsil generator A 6 0 3 6 generates a F i xed 
Position signal A 6016 in response to a user-set 

The position signal selector A 6050 outputs the 
Fixed Position signal A 6016 as^ a 

signal A 6017 when the Position Test On signal 6011-1 
is nO"( Normal Printing) 



pos it ion control s ignal 



or the yariable Pdsition 
signal A 6015 as a pos it ion det ermining signal A 601 7 
when the Position Test On signal 601 
(Positional Test Printing) # 

FIG. 74 shows the circuit diagram 
Position si^al generator A 6035. 

The Variable Position signal generator A 6035 



of 



said Variable 



consist s of a basic 



bit 
the 
and 



binary counter / 



area counter A 6014 which is an 8-r 



the higher 5-bit output 



bas ic area ; counter >: 



6013 of 



inverters 6037 through 6 04 0 > 



AND gates 6041 through 6044. 



As 



t h iis embodiment • uses two 



pattern whos e baisic : area 



las er beams and 



consists 



of 



16 : iihbs;;:;: the 



test 













ill 

m 



-hi- 

v 



10 



15 



20 



25 



(assvuaing 



time lis changed Vheih 



one 



that 



one 



bas ic: : area -is scanned ) 



higher! 5 1 bits of the 



beam 



^c^hs 8 



lines 
Using 
the basic 



area 



counter 
A 



counter 
detection 

X'X'^xi-The' 



eight output bits of 
A 6014> the output 6013 of t^^ 
is incremented by one each t ime eight beam 
signals A 6008^1 are counted* 
yariable Position signals A 6015-1 
6 0 15 -4 are incremiented in s egu ence whil e the output 
6013 of the basic area counter A 601^^ 
basic areas of identifiers 1 through 16) but they 
remain 0 while the output 6013 of the bias 
counter A 6014 is 16 to 31 (for basic areas of 



identifiers 17 through 32) 

The Variable Pbsition signal gener^^ 
delay time contrpll 



Variable Position siginal generator A but the Varia^ 
Position signal generator B does not^h^ 

6037 through 6040. 

FIG; 75 $hpws a circuit ex^ 
Position signal generator A 6036, 



In 



FIG. 



75> the User-Set Ppsi^ 



6012 is a 
iDOs t s ignif leant 
s igni f ic an t bit 



5-bit binary signal 



ranging 0 



to 



31 



bit and 6012-r5 as the 



having 6012-1 as the 



wh ic h can ! represent 



The Fixed 



leaist 



decimlal 



value 



Pps it ipn SI i^ h ^ 1 : cf eh^r^a t o i: 



:-.-:i25-:--' 



i 1? 



4) 
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15 



20 



inverter : 6 04 5 and AND : gates ■ ; 6 0 4 6 



6036 eonsists of an 
through 604? • 

The Fixed Position signal generator A 
a Fixed position signal A 60 

Set Posit ibn Control signal 6012 v The Fixed Position 
signal A 6016-1 through 6016-4 has the same value as 
the User-Set Position Control signal 6012^^ the 
User-Set Position Control signal 6012 has a decimal 
value in the range of 0 to 15 or 0 when the User-Set 
Position Cpntrol signati 6012 h 
the range of 16 to 31. 

FIG. 76 shows a circuit example of a position 
signal sele^ctor A 6050; of FIG. 73 • 

The position signal selector A 6050 consists of an 
inverter 6051 and selectors 6069 through 6072 for 
seiecting one of two signals .^^^^^^T^^ the 
position signal selector A 6050 is explain 

The position signal selector A 6050 outputs the 
variable Position signal A 6015^1 through 6015-4 as a 
position determining signal A 6017-1 through 6017-4 
when the Position Test On signal 6011-1 is "1" 
(pQsitional Test Printing) or :^^t^ 
signal A 60161 --1 through 6016^^^ 

determining signal A 6017-1 through 6017-4 when the 



25: : Position Test 



6011^1 



is "0" 



(Normal 
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iPrxnting:)-^: . ; 

detection signal detlay circuit A 6030 of PIG. 72. 

The beam detection signal ^elay^^^ 
consists of dielay Elements 6052 
delay an entered signal by a preset time;^^^ 
seiTOtor 6067 which selects 

example has sixteen 2^ns delay elements because the 
pixel clock cycle T is divided by "d « 2 ns.". 

The beam detection signal delay circuit A 6030 
detiays the beam detection signals A 600^8 
by the delay elements 6052 through 6066 and^ g^^ 
delayed beam detection signials A 6019 { 6019-1 throu^^^ 
6019-16) having different positions. 

The beam detection signal del 
selects one of the delayed beam detection signal&^^^^ 
6019-1 through 6019-16 according to the position ; 
determining siignal A 6017 (6017-1 through 6017-4) and 
outputs it as a controlled beam detection signal A 
6009-1. ' 
: The w 



mode; is : 



controller A 6034 in the^ 
illustrated in FIG. 78. 

Upon receiving a coidmand from the operation blbck 
6005; : the controller ^^ 6 



(to perform a position test on the whole printer 
system) and sends an instruction to the printer engine 
6003: to print o^t^^ te 

Position Test On signal edl 1-1 gbe^ hi^^ 
preset time later/ the^^ 
iPrint Area signal : i60li-2 g6e^^ 

At the rise of the Subsidiary Scanning Direction 
E^rint Area signal: 6011-2, the basic area count^^r A 
6014 has a count of 31 (in decimal) and starts to 
count the beam detection signal A 6008-^1 from OOv^^^^^I^^ 
this example> as each basic area 6103 is ma 
lines and two laser :beams : are used/ the output 6013 of 
the basic area counter A 6014 is incriKuented^ 
for every eight beam detection signals A 6008--i.^^^^^^^^^^ 
basic area counter; A 6014 keep on cbunting until the 
counter is cleared by the Subsidiary Scanning 
Direction Print Area signal 6011-2 of "0." 

The Variable Position signal A 6015 is counted up; 
in sequence>:whiie the outpia^^ 

counter A 6014 is 0 to 15 and the controlled beeun 

detection signal A :(6i009-i is 

the beam detection signal A 6008^ 

area. 6103. 

^^^^;; w^^ 

6pi4 is 16 to 31: ( for basie^^a^ 
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(6104) 17 to 32), the variable Position signal A €015 
remains: "0^ and the ! beem detection signal A 6008-1: is 



HI 

m 

ill 
hi 



m 

4) 



cbntrbil^d beam detisctipn; 



signal A 6009- 



output as the 

5 ; : FIG. 84 iBhbws an example pf a tesjt chart y/hich 
actually printed by the present invention. 

As explained abover the test chart data is putput 
for each basic area 6103, changing the positions of 
the beam detection signals 6008. The user shou 
10 select an optimum basic area in the printed test chart 
and enter its identifier 6104 as a user-set position 
control signal 6012 fromthe operation block 600^. 
This is stored in the^^^^M^ 

The part which stores the positional infpimation 
15 in the main storage block is a storage unit inch as > a 
floppy disk, hard disk, and the like which can keep on 
holding the information after the system is powesred 
X off . The posit i 

unit until a new User-Set Position Control signal 6012 
,20 is set by another positional test. 

when a means which can retain a setting status 
such as a DIP switch is iised as the input of : t 
Set Position Control signal 6012 on the operation 
block 6005, the status of the User^^Se^^ 
is Control signal 6012 is held until the user changes it 



and the positional infom 
the main storage block 6p02> 



It is possible to 



always keep and use^it 
detection signals 6008 in good aligns 
positional information 

after the positional test in a storing means of the! 
main storage blc>ck 6002 

can retain the information even after the system is 
powered off and by building up so that the positional 
information may be automatically loaded when t 
system is powered oh again. 

Even when the beam detection signals 6008 greatly 
deviate by an external factor (such as a greats 
or a secular change/ the user can quickly correct the 
deviation by performing a positional test and :se^^ 
an optimum position of the beam detection signals 6008 

It is also possible to prevent deter^ 
Imiages due to increasin^^ 

signals 6008 by building the system so that th^ 
positional test may be automatically performed each 
time the system is powered on. 

: Said embodiment is basically image x 

recordih^ devices of three or 

However r the beam pbsittoh correctihg steps for 
image recording devices of ^^ t or more lasfo: beams 
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m 



are imuch; doiDiE>iica^^ 
steps to cbrreGtb 

■■recording::"devicev---'-'-v':--'-'''--'-:-''x:^ 

FIG> 85 shows the system^ ^:c^^ 
printer system according to the pre^^^^ 



addition^ 
2-beam image recording devide 

FIG»85 has a beam detection signal C (6008 r3 ) / binary 

or multi-level im^ge data C (6006-3) corresponding to 
10 the beam detection signal C (6008-3)^ and a controlled 

beam detection signal C ( 6Q09-3 ) into which the 

positional controller 6004 controls the beeim detection 

signal C (6008-3 )• 

The main storage 6002 stores data of a test chart 
15 having basic areas in which a basic pattern (3 dots in 

the subsidiary scanning ditection and 2 dots in the 

main scanning direction) is rep^ 

adjoining manner in the subsidiary scanning direct iori 

20 and both in the main scanning direction each time the 
basic pattern is formed* The upper and lower beams on 
the boundary are made up byT all possible combinations 
of beams. 

The basic pattern is repeated ten in the 

25^^^^^^ 
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: in the basic iarea need ;:h^ 
c 

contain^ Further the once in 

The test chart 

.5 .bohtains ■'32;baid::.b^Bib -arbas.J 

FIG. 86 : shows a block diagram of the laser beam v;; 
detection posit^^^ 
recording system. 

The laser beani d^ 
10 consists of a beam detection signal delay circuit A 
(6030) which delays a beam^ 

for a present time periodj a beam detection sicp^ 
: delay circuit B ( 6031) which: d^ 
signal B { 6iD 08-2) for a 
15 detection signal delay circuit C (6130) which delays a 
beam detection signal C (60d8-3>^^^f^ 
period, and a micro computer 6128 which controls a 
delay time of each of said be 
••'circuits* ;* ■•• • 

20 The micro computer 6128 outputs the controlled^^^^^^^^^^^^^ 

beam detection signals A { 6009-1 ) / B { 6009-2 ) > and C 
(600!j-3) accordintf to the Positipn^ 
Control signal (6011) and the User-Set Position 
• ■ Controi • Signal - (ioli) 

25 FIG. 87 shows a basic pattern used by this 
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^^^^^^^^^^^^^^^^^^^^^^^^^^^^ f oi the positional test: : > 

The basic pattern 6121 iis mad^ a 
patterh unit (3 dots^ i scanning 
direction and 2 dots in the main scanning direction) 
5 four tiines 

scanning direction with the basic pattern deviated by 
in one dot left/ riglit/ and both in the taain scanning 

Iji direction each time the basic pattern is formed* 

ill . ■ 

ill The patterns made by upper and lower adjoining 

10 beams (beams 1 and 2, 2 and 3, and 3 and 1) represents 

all possible combination of patterns. 

These baisic patterns are separated into three 

^jf 6121-i through 6121^ 

V adjoining upper and lower beams. Identifiers (6122) 

15 are given to the eieparated basic patternis for 
identification. 

In FIG. 87, the line 6105 is a line drawn by image 
data A (6006-1) corresponding to the beami detection 
signal A (6008-rl). The line 6106 is a: line drawn by 
20 image data B (6006-2) corresponding to the beam 

detection signal B ( 6008-2). Similarlyir: the line 6123 
is a line diraWn by image data C (6006-3) corresponding 
to the beam detection signal C (6008-3).: 

Let's assume waveforms of beaih detection {signals A, 
25 : Br and G as i^ 
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detection: signal B (6008-2 ) rises {at 6100 ) 



earlier by 



A tbdl than the preset rise po^ 
detection signal G C 6^^ 
tbd2; than the preset ^^^^r^^ 
greater than A tbd2 • 

Taking the beam detection signal A (6008-1) as a 
reference signal/ the positional difference between 
beam detection signals A (6008-1) and B (6008-2) is A 
tbdl and the positional difference between beam^^^^^^^^^^^^^^^^;^ 
detection signals A (6008-1) and C (6008-3) is A tbd2- 
The positional difference between beam detection 
signals B (6008-2) and C (6008-3) is A tibd2 minus A 

6127 in FIG* 88 shows the result ot printout of 
basic pattern 6121 under the aforesaid conditions. 
Select a basic jp^ttern which is furthest^^^f^ 
bilateral symmetry among the printed basics 
6127-1 through 6127-3 and enter its identifier 6122 
from the operation block 6005* The print^^^ 
6001 sends itS: information in a form of a position 
cont r oil er control s igna 1 6011 to the micro compute r x 
6i28 in the position control block 6004 . 



Purthery 



if there is : no laser beam detection 



signal position cbntrpl block 6004/^^ t 



pattern 6127:^3 correspondin 



the s ub^ idesnt if ier 
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6122 is apparently furthest f rbm bilateiral symae^ 
Its right side is sxnbbth but it 
extremely jagged. The user enters vc" from the 
operation block 6005. With this , the micro computer 
6128 judges that the difference between the beam 
detection signals B (6008-2) iand C (6008-3) is the 

■■greatest . 

To eliminate this differience between the beam 
detection sig[nals B (6008-2) and C (6Q08-3) ^ the micro 
computer 6128 changes the positions of the be^ 
detection signals B (6008-2) and C ( 6008-^3) in 
sequence while the beam detection signal A ( 6008^1 ) is 
left unchanged; 

Then print the test chart data (in the same manner 
as in the 2-beam image re^ device) with the 

positions of the beam detection signals B( 6008-2) and 
C (6008-3) changes in sequence. 

Enter the identifier 6129 of the optimum basic 
pattern from the operation block 6005. With this /the 
micro computer 6128 corrects the difference between 
the beam detection signals B { 6008-2 ) and C (6008-3 ) . 

If the sub-identifier ( 6122 ) A is entered from the 
operation block 6005/ t 
that th^ dif 
A (6008-1) a^ 
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the posit ibh of the beara^^^ 

fixed- ... . . 

if the sub%i(tentifi^r^^;C^ 
operation block 6005 ^: the mi^^^ 
that the difference bet 
A (6008-1) and B {6008-2) is the greatest and makes 
the position of the beam detection signal C (6008-3) 
:' ' fixed-' 

With these operations, the difference between the 
10 beam detection signals B (6d08r-2) and -C (6008-3) is 
eliminated. Next set the Position Test mode to 
eliminate the difference between the beam detection 
signals A (6008-1) and B (6008-2i) with :the positional : 
relationship between beam detection signals B (6008-2) 
15 and G (6008^31 f ixed. (When the^^ p^^ 

detection signal B (6008-2) is changed, the position 
of the beam detection signal Q (6008-3) must be 
changed by the same amount-) 

The user selects a basic pattern having the best 
20 bilateral symmetry in the printed test chart aiid 

enters its identifier (6132) from the operation block ; 
6005- The micro computer 61^ 
relatioiiship between the beam^^'d^ 

(6008^1) and B (6008-2) - With this, the correction of 

25^^ 
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signals A (6008-1) > B ::( 6008;-?;) and C ( 6008-3 ) is 
cpn^leted f'. 

The above-iekplaiined proced^^ 



eas 



to imagb recprdiiig 



devices having n laser 
when the: device useb^ i^ 
positional relationship is more complicated. 

FlGv89 shows a system configuration of an^ i^ 
i recbrdihg devices having n : laser beams 1^ 

The image signal position control block 6145; 
receives image signals 6006 from the controller 6001 ^ 
controls their positional relationship/ and 
the controlled image signal 6147. 

The operation and the effect of this example are^^^^^^^ 
the s ame as t hos e of t he abo ve^expla ined exampi es but 
the b^eam detection 
are changed. 

The user can perform the positional test 
corapieteiY independently firoi^ t^ 
providing a storage unit 6151 and an image 
processing/scattning unit in the image signal posit 
control block 6145 and moving the storage unit (which 
stores test chart data and positional 
from controller 6001 into the sto^^^ 6151 ^ 

This means thiat a^^ 



invention: 



t6 the cbnventional^^:^^^ 



system does not 
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require any; mpdif icait^^ 

Purther> the convent ion^ 
respectively have ail i^^ 
shows the conf iguration of a c^^ 
system havinig an ima^ 

The linage processor 6152 : u^ 
signals 6006 from the controller 6001 >p€^ 
disclosed processing such as resolution^ e 
gray-^scale enhancement or the like on the signals / and 
outputs the processed im^age signals 614iB. 

: : As S U 

image signals 6006 and engine control signals 6007^ it 

is very easy to add a function of the ii^ 

position controller 6145 to the iB^ 

Therefore, the user can get images withptit positional 

deviations. Also in thi^^ 

controller :6001 of a conventional printer system to^^^^^ : 
which the present invention does not require any 
modification only if the image prpcessor having the 
function of the image signal position cbntr 
contains a storage unit 6151 and an iiaage prpcesf 
operation unit 6150. 

( Industrial Availability) 
As explained abb v<^> the ^^ i^ 
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quality bighrresplutipn^ 



muiti--beam^^: 

:of light ;£Jources ( laser beams )^.^ 
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